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ADvAmE KEsmo!m HEPCU?.T

l%TIGUZ CEAMC15RIS!?IOS CUfSPCW-WEIJMD 24M! ALUMYXUH AILOY.. . .

~ H. k’.Russell, L. R. Jackson,
H. J. Grover, and W. W. Beaver

The results of this investigation ~ be summari.zedRS
f Ollowe:

1. The static ehenr strength of spot welds in lap joints
of 24S-!!!alclad Increases with increasing sheet.thlclnmssfor
thi.clmessesin the range 0.025 Inch to 0.C32 inch. This ln-
creeme in ~tatlc stren@h of spot welds QSO i~ evident in the
fatigue properties. At 10V stresses (low life), varictiona
in spol+wold quality appear to be not sc important as in static
te0t6 or in hi@ stress (short lifO) teets.

2. The ut+aticdmmgth-weight ratio of ~tlffmedpavel
sections in which the sam stlffe~nr is used with pmels of
various thiclmesces is found to be highen for tiiinsheets than
for thick ones. This is in ~rocmont with romlts obtained
by ;~reviousirrestige.tors.The low stresg (lon~~life) fatl,~e
etrongth-wei,-~tratio, however, she’+ an apposite trord in the
range of sheet thickness from 0.K’5 to 0.C51 inch. Tnn reason
for this condition ie that Lhe lowstrese-fatigue remlte
follow the same trend &e tne start of buckling in tho material,
,anda thickar e!heottends to raise the stress at which bucklt:g
starte.

3. The presence of Unstroseed ‘lscabn cdmets attache?.by
spot welds causes slight reduction in both the static yield
strength and tensile stremh with considerabl~ greater reduc-
tion in ductility. The low stress (long life) fatigue strength
of the sheet does not aFpear to be altered tn a~ Great extefit
by the presence of spot welds, since, in tests of this type,
failure usually occurs in the >Inch-radius fillet joining
thciends and the test oection of the saqle inproference to
tho region almg the line of tho spot welds.
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4. Motallographlc examination indicates that tho portion
of the spot weld euhject to fatigue loadAng is the Eharp re-
entrant angle formed by the two shoots at the weld button. It
ap-pearethat fatigue failures always start in this ‘tcracic.n
OECO fatiguo failures have started, howevor, tho course of the
crack depends won the system of stresses imposed. The extent
of weld penetration aypeazzeto be more @ortant in determining
fatigue strength than it 1s in determining static strmgth.

This paper covers the study of fatigue properties of
threo simple but basic Q_pos of spot+mldod structures made
from 24*T slclad sheet, and it is the final r~ort on re~earch
conducted in this invostigetion. An advance rentrict9d report
ontitlod ‘Progross Report @n Fatigue of Spot-W91dod Aluminwn,lr
by H. W. Russell and L. IL Jackson, dated Fobrmry 1943, (ref-
orenoe 1) describes tho first half of tha research c.mdactod
ir,this investigation. It wae believed advisable, however, to
mako this prooent report con@eto in itself: so a large nmount
of ir~mnnticm presented i~ reference 1 io also contained in
this report.

ThP report is divided Into four parts and two appendixes. .
The first part deals with etatla aind@mamic tests of spot-
wolded la-~joints loaded in tension: the socondl with cmprce-
~ion tostg of stiffen?d _xumls: the third doacribes ~~.investi-
gation ~f tansion specimens with unstressed attac%xmts; F.nd
the fourth, a correlation of fatiguo properties with the metal-
lurgical structure r..ndthe goomctry of spot weido. Apondix I
consists of a report by tko Alunimm ConpnV ~: Amrica cn tho
mechanical properties of tho alclad sheet used in this invosti-
@tion. In appendix II the methods used in twti~g tke speci-
mens are doscribod In dotoil.

This Invcstifpticm, on the fatig~e characteristics of spot-
vroldodjoints in sluminum 24S-X!alclti,which wes ~-ndort~’~en
%y tho Battelle Memorial Institute in MW 1942, was nponsorod
w, -d contictcd with financial assistance from, the Iiatiori
Advismy Committee for Aoronautico.

Tno 24%T alclad chect used in this investigation was
furnishGd by The Glenn L. Martin Comyany through tho courtosy
of Kr. S. A. Gordon; hat-eha~e strin.~orsections wore f’urnisltiod
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by the Uurtiss-Wright Corporation through the cowtosy of Mr.
E. S. JenldnB. Tho spot-welding and tho X-N examination of
.woldawere &.ne a.tthq.W@dlng Laboratory at tho Rcrmnolaor
Polytechnic Instituto under tho dir~ction of Doctor 1’.F. Hess.
l%nsile and pack compression tests on coupons repremntative
of the sheet material were conducted lzvthe Aluminum Comwmv
of Amorlca

I.

through the courto~ of Mr.-R. 1. Templin. - -

5Z!STSON SPOT--:~ LAP JOIN.!!S13 TIUSIOfi

Matoricl Uso~ in Making Samples

havo boon mu- on aamplos mado from 24&T alclad
In ‘&roe thicboaaoa: 0.025, o~032, and C.@+O inclh. Sinco
primary intoront ia in the spot weliia,tho ~roportioa of tho
shoot rstcrie.1itaclf wore ctudied only onougk.to insure that
tho *CO* ia roproaontstivo of ito claac of material. Static
tents woro run in tho Alu.ninumRaoonrclhLnboratorloo throu~”~
the c?utoa;’ of Y!. R. L. !%m..)lin.(ScU aypondix I.) Tnblo
1 mhowa tho re3ult8 of il@913’UrWflOiltC on ter3tcouyma from tk.o
particular ahccts ugod in uckir~ the l:tpjniat ~pocimena.
Goncral consl~laionaare th:t tho tengilo strcrgthe, tho ylold
atrc:~tha, nnd tho elong&tion~ aro equal to or greater t’v~n
typical valuoa for 21+f&T alclnilud tilattke diffcroncos in
temilo pr~pcrtloo aro nuch aa wmld bo rmrm%lly o-~ectc?l
fm siveral lcta of shcot.

Syot-Welding Ilotnils,Construction of Samples,

and Static Teat Results

The lap ~olnt tofitpiocea consisted of stri?~a~ inchoa
lcngby 5 inchoa wide, out psz%llel to the direction of rolling
and joiaod by a lap joint with a l-inch ovorlap. For oaoh
thictionm, two weld apaci~-a, 3/4 inch and l+ inches, wero
uaod. In both carma, the si~o line of spots waa contored
In tho l-inch Cvorl=p aoctlon. B’lguo 1 is a photograph of
a typical EISXL@O.

Tho spot-welting on 93.1test piocoa was dono at the
Ransaalaor Polytechnic Inetituto. Table 2 smmarizoa their
Information on surface treatment and on ~ot-welding comlitiona
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for the shoot used to make the lap joint (and that for tho G
strossod attachment) fatigue test specimens. The lact cglumn
of tho tahlc gives thofr rosulte for tests of tho static ehoar
strength of shglo spot test coupons. The values compare
reasonably with those given by E. C. Eartmann and G. W. Sticlfley:
nCMQ~, 220, 305, ~d 430 pounih For ~ot for tho 0.02>, tho
0.03L&, Pmd the O.@@- inch shcot. (Sno rcforance 2.)

Static tests on sanplcs of each class of tho lql joint
spccimons wcro maiioon a 200CG0-souadileldvinSmthwark tosti~
machine, u~i~” tho samo gripo @ad locding technique au for the
fatiguo tests. The results of thoso tcctn aro given in tablo

3= It iEIovidont that tho ru~turo load in poun’% ?crrspot
agrcos with tinovolucs given by the Eeassolacr Polytmhnic
In~titato for touts on oinglo spots. In gon?ral, for tho wido
test spacinonn, tho failuro stro~th hp~un{ls ~~r ~d is

anallor for t!hcJ/&inch s~ot-wzld eFacing thrn for tho 1$-
imih S--actig.

Moacuromoats on weld size, shape, qmcing, an?.Tonctra-
tton have lccntio for sovorzl samples of both r.c-f=nd fRilod
epccimcns and aro rcccnlcd in detail in a later noctian of
tkie report. Zlm goncral roeults am thoso:

~. The lergmt vclib rclativo to sh-ct thtcbos~ wwc
in tho 0.025-i-xh ehoet.

?iothodsof Fatiguo Testing

Tho details of tho methods used in runshg tic fatig~o
tests aro given in aypo=dix II. As int.icatcdthorcin, it is
boliovod that lend vdzos tirogot =d uaiiitainedto about *15
pounds or to 3 yorcar.tof tho load, vhichover is lnrgcr.
Tostc with oloctric strain gago~ comcatod on cy~lcsite‘.dgos
sf WUL@OS inticat.othat load is t!losamo on c~posito odgcs
within limits of 4 porcont or bettor.

The criterioriof failure is a decreaco in maximum load
of about 430 ~GW-i@. (E05cnt improvcnonts in tlhocut-cff
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meohaniem will allow this to be reduced to a drop in load of
JO pounds, if desirable,.in future work.) For most of the
@MtlQ~ ~~, reported h,~-e,the.firqt .a~~~?- of visible
cracks in the we~ti has %een noted ~ a frequent visual i~
speotion.

Ihnil.ttaof Fatigue Tests

Tables 4 to 9 give the reeults of the fatigue test~ for
the two weld spaoings md the three sheet thiokneseee u6ed
for the lap joint samples. Ir.each mxae where it was observed
with reaeomble accuraq, the number of cycles to first visible
cracking is r~ort ed. In each sane, ‘failure” corresponds to “
a drop in load of about
general type of failure
occur:

1. At

2. At

3. At

These three
IJ3,lC,.and

high loads,
welds.

430 pounds. For emh specimen, the
is recorded. Three ~es of failure

failure is by shear of the spot

lower loads, a ‘pulling of button-s”ay~earm.

lowest loads, failure occurs, owing to the
pzmpaSation of a fatigue cr.aokfrom one weld
to another and em across the width of the
sheet.

types of failure are illustrated in figures U,
I.D. ,

Itigudea g to 7 ~hotihd-iife curve’sylottpd from the
~ta giyen in tables 4 to 9; l!bh.fi=~e *OWS three curves
oorrqsponding to “thethree ratios (0.25, 0.50, and 0.75) of”
minimum load to maximum load. In general, the curvee have
the same shape, but it ~11 be noted that for the 0.025-inoh
sheet and for the 0,bj2-lmh sheet with l~inch spacings, there
is mo~e ‘scatte~n.thapfor other ~es., . . ..
.. .:
. .

D~scuse~oh of ~&lts ‘of.~ati~e Test’s”. .... . . .

F&ru’qs “gand 9 ‘mow load-l~~e cru%s_.for cevoral ehoet
thi6&eps,es but,for a corist&t ntz%ss”ratio omf@.~5. The, “
fatig@ strength epp”ar6ntly~noreaeee with sheet thiclmess.
ThQ meet notimeahle feature is the ‘croesovorn of the curvog

. -.9 ,.
,.

1 ..: . .. . I .

,. !. ..... . ,) !’
. .... .

.., . .
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for the 0.025=inqh sheet and”the 0.~32-inch sheet with lihel+
inch weld spacing. It is helievod

&

$ this is due to a vari-
ation of weld size and penetration, this probability is “
discussed In ~me detail in the following section on Examina-
tion of Spot Welds.

Figure 10 shows, in another wqy, tho effect of dheet
thickness on etre.ngth. Strength to failure ia ~lottod against
sheet thiclmess for (1) static failure, (2) fatigue failure
for a life of ,000,OC’Ccycles and for two different stress

7ratiofl,and (3 fatigue failure for one ~tregs ratio and a
life of 50,00C cycles. !lhatthe logarithmic plot gives rou#hQ
stral*t lines of the samo sloye suggests that, ~proximatcly,
the ‘percent” increaso in ntrmgth witiaiacroasing sheet thicb
ness is the same for fatiguo as for static failure.

As will be dlscussod later, there wore more accidental
weld variations in the 0.032-imih sheet than in tho othor
two thicknesses. R’iguro10 show that this offoct of weld
varinhility is a.myarortu~mm?o evident in the static tcsta
a?d high stress fat:guo tests thnn i? L\e low stresc fcti~e
tests.

E’igures11 to 13 irdicata the effect of rmge in stres?.
In 8ach figure, tkc amplit”.zdoof strees vs.riatim (i.e., oiic-
half the stress rango from minimum ioad to mexdmum load) is
plottod against the me.amlor.ilfm constant life. Aocordi~
to J. O. Smith (reforcncc ~), tlnoa)l~wablo altornmticg fitross
rerygeshould diminish lizer~lp-with increase in mean lo~d
either for axial tension stresses or for she~x streams when
stress raisers (?.ospot welds) are pro~or-t. A ~enoral obseh
vatim from figUreS 11 tO 13 is that the censtant lifa li:-.os
are concavo upward. This curvature makes it difficult to ex-
trapolate to compl~tely reversed stress values b~ extedicg
a straight lino from th static ●ltimate Val’uoon the mean
load c.tigthruugh a net.of points at constant life. Suclh
lin9s, however, hnve been dravm through ~oints at the highest
stress range used (corrcspondirg to a stress ratio cf 0.25).
Tablo 10 gives the extrapolated values for tho 0.03&inch
sheet a’.dratios of those values to the static Ultirito. Fm
compwrinon~ corrosporxli~gvalue; and ratios fron data taken
at the Aluminum Tk!sserchLnborat~rics mro given.- (See refer-
ence 2.) IIc~~at significance attends the comymisoa since
the test conditions are qlfitedissimilar. The Aluminw. Con-
pay datn are for single spot samples with altarrati.n~curront
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welds teutod on a rotating besunmachine with completeb rtworsed
stress values. Moreover, the extrapolationsused to obtain cow
parablo values from Batt.dle,data aro beli~ed to be unroJiable. -

Examination of Spot Welds

Motellographic Examination of sectionod spot w61dEIlndi-
catod that the spots wero~ In marq-caeefl,”elliptical and there
wae considerable variation in weld penetration. Figure 14 shows
aoctions along the two ma$m axeu in t;~ical spots made in 0.02%
and 0.032-inch shoot.

As indicated in tho figure, it was typical that tho weld
dimensions im the 0.032-inch sheet showod moro variation tka
in the 0.02”Yinch shoct. The weld dimensions In tho 0.032-inch
sheet varim?.ovor a rango of about ICIpercent In penetration
and ovor a much wider rmgo in width and length. Some unwcldod
spots wore fourd. The spots ~~Oa 1+ Inches had, in enoral,

fsomowhat groat~r weld ponetratlon than the onos with 3 &inch
spacing.

Variations in weld dimensions arc refloctod in fntigue
roeults, as shown in table 11. This tp.blebrings out relations
between the avorago weld. dimensions and tho fatlguc records of
individual oamyles.

!Ihodata indlcato that tho weld penetration Is tho impor-
tant v=lablo at low loads where fatigue crachs in the sheet
provido tho mechanism of failure. At higher 10SU2Swhore tho
welds fail in shoe.r,tho area of the weld at the f~ving surface
Is tho deciding strength fnctor.

~i~-e g Shswe fatiguo curves for the 0.C32- mnd tho 0.02~-
Inch shoot plcttod on tho samo figure for an R value of 0.25.
It will be notod that the curves cross at high loadO. Motallw
raphic examination of the welds inilicatcst-hatthone in the
0.025-lnoh sheet with l$i-uoh spacing are long with little ponc-
tration; while thoso In tha 0.032-inclhsheet were somewhat
slhortarbut penetrate dmpor - the net result Is that, at high
fetiguo loads or under stath loadm, the two havo nearly tho
samo stro~th. (See tablo 3.)

At lower fatigue loads (longer life), tho effect of the
deeper welaponetration in tho 0.032-inch daeot bocomos evident,



and the welds in the O. 032-inch sheet have a longor lifo than
in tho 0.025-tich ahaet.

In both tho 0.032- and tho 0.025-inch sheet, the fatigue
cracks stirt at the projection of the internal alclad (me fig,
15) into the weld button and proceed fanliko directly out toward
the external alclad.

Co=cl-asionson Lap Joint Tosta

1. %roo t~os of failuro were evident: shear of the
s@ woldn at high load~, “pulling buttons” at lower loads, and
propagation of fatigue cracks botvocn the welds at still lovor
loads.

2. For a given shcot thi.clcnoss,tilesamples with Hix
qoot welds 3/4 inch .=.pmthad 10SO fatigue ntrongth in pounds
per e-potthan had samples with four spot welds spaced 12 inches
apsrt. The sti spot sa@es hnd hi@er strength In term of
total loaE.

3. Z’ora given wald.spacing, tinefatiguo stror@n as
WO1l as the etatic tensilo str-cmgthincroasod with sheet
thickness. (Noto ono cxmgtlon for 0.025-=and 0.0j2-inch
ehoct with welds waccdl~ inches apert w-dat role.tivolyhlgh “
loads. This is believed to be du~ to a difforonce in weld
qpality.)

b. There is some ovidonco that iacroasing weld SIZO or
incensing weld penctr~.tionIncreases fatiguo strc@h ospo-
cially at low 10ad8 whore failuro is occasioned by proyagntion
of n fatiguo crack. At hi@er localswhere failuro is by shear
thro’~ the welds, increased weld ponotrs.tim a:~.joarsto hava
lees strengthening offoct.

II. COMEKZSSIOH TZSTS Cl&STIFITKED ?AYELS

%torinls and !h3t Pioccs

Tho st:ffoned .xmols consisted of 24&T alclad c.?.?ootm11~
Inches wido spot-wolaod witlhtwo rows sf ~otn to Ourtias-Wri.@t
SS112-32 hat-shspo strir~or soctlons. Th stri;~or scctims
wore mad.ofrom 0.032-inch alclnd 24*T for all test pi’.coa.
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hur thlcknesms of panel mm used: 0.025,0.032,0.040,and “
0,051inch. !lablo12 gives data on test ooqons from tho partic-

,,. ..... .uZar eho@s used In making those panels @ indioatos normal te~
silo proportion for the ‘kateri&l.

Two spot spaoinge wero tmtmd for oaoh panel thio~es~. For
onos tho spot spacing was 3/4 i~ oxcopt n= tho ends whero tho
epoto aqo looated l/g, 5/$, and 1P Inches from tho ends. 3’ortho
socond””typo~spot spacings woro la hohes oxccpt again near tho
otis where additional spots, epacod as described above, were in-
sortod. Tehlo 13 wmmari%cn the welding conditions reyorted by
tho Roasselaor Polytochnlo Instltuto for them oo~rossion test
sallrploOe

Ih.-o 16 illustrates tho atringor ~ection used. Accoriiing
to tits ftxrrichedby Curtiae-Wri~ht, the controidal @s of thio
section i~ 0.-@5 inch from th.?bottom of tho hat, tho momont of
inortin croucd the controidal axis is 0.0301 inch, findthe area
of tho noction ia fi.16?Inch. we completed Fanel soctlons wero
all appro]-i.mntoly15.gS inches long eftcr equnrirg the otis.
~iguro 17 illustrates the complete test spccixon.

Stntlc Tcstg on Stiffon9d Pancle

Table 14 mum,mrizcs the results of stmtic comyres~i.on-tooto
on tho varicu~ tyycn of praels. In tablo 14, tho area A IE tho
total area of stiffoncr plus panel; whilo tho area Al in ~.hor.oa
of the .stiffencrplus an offoctive nren for the panel. Tkis cf-
fectivo area was computed by using cn off~ctive width of ~mnol
from the formula

~~ = J.&t %/”

whoro

tilftotal offcctivo width

t panel thiclmess, inches

E modtiuo for 24S-T alolad (10 x 10e lb/oq in.)

and

fc crippling stress for stiffcnor alono (35,~O@-lb/r.qin.)
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Eigures 18 -19
various t~oa of panel

show the atrosa-deflectionWagrma for the
and the atiffenor section. In theso figuroa,

tho aroauaed in ee.ohcase for computing the atroasoa waa tho tote.1
aaoa A of atiffcner plus p=.el and not tho offoctivo area A’. Tho
data in tahlo 14 and figuroa I-6 and 17 indicate tht, as far as
static strength is concernod, a %ettcr atren@h-weight ratio la
sccur”d throu@ the uae of thinner panela.

(S00 roforende 4.)
This has bocn Fointeil

out previously.

Several attanpta wore mado to get n dofinlto picturo of tho
bucld.iqgpattorn ~.ndto cstimato tho zumbor of bucl~ing wavon in
caoh tyyo of stiffcn~d panel used. Thoro was cvidonce that (1)
et high loads near static fallura~ a difforcnt Fnttorn occurred
than cit..tho lower loada coimnonin fati=me, and this was more
evident for tho larger weld epaoing: (2) the pattarn wsa affcctod
in sizo (i.e., tho nmbor of buckdiag waves) by ‘gmnclthiclmoss
but not by spot sgaclng. !Jhotdstemcos botwocn succcssivo ?ligh
epota (~on~ a lino thrc@~ the ccntor of tho pmcl cad directed
longthwiao of tho ehoct) avor%god 4.0, 3.5, 4.5, nnd 5.5 inchca
for a~lcfJ with .w.nolthiclmossoo Of 0.025,0.032,O.@M?, end
0.051 inch, rom~octivoly. The difficulty in a moro accurate
ovnluction of tho ynttorn was pnrtly that tho ampl,ss woro so
short tinattho influonco of ond conditions (whioh varied aomo-
what) obmurod details.nf the pattern.

Mothodg of Mdlng Il%tiguoTeats

A doecription of the testing mnclhinesand of tho tcchniqms
employed is given in ap-pondixII. Tho proci~ion cf lm.dir.gI.w.a
about +1~ pounde. The criterion of failure was the breaking of
any ono weld to much m extent thr.ttho panel was th.onconplotol.y
freo from ita atririgor. This Wag l.lstih~m.lfficienttO CiLUSO

a drop in load of 430 poundn or mcro.

Rcaulta of Fatlguo !i!osts

Tho fr.tl~aedeta m ‘&e stiffmcd Fanclfllor.dcdin com-
pi”COaiOncro mxwa.rtzd in Ixibloa15 to M. Thoao tnt.’.P.rc
plott~d ~.sl~ad-life curvo~ in figxwoa 2C and 2?L.

F@zre 22 ah~wa the static ctrongth to failure, tho fatiguo
strength at 1s000?000 K’cZosS tho fatiguo atrcngth r.t50,POC)
WC109, and tho ctctic buoldlingstror@h pl~ttod a@nr;t ~~and
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thiclmess. In thl~ figure, the otrosaos are oomputedby using
t~ total area A of stift%ner plus panel; tho fatigue atroetaosare
.tho maximum stresses at a ratio ofmlnimum to maximum 0troe8 of
0ti25tiNoto that, as previ-ous~ montionod, tho atatiic..yaluos
indioato a bettor strength-weightratio for thinner panels. Tho
f~tigue ourvoe drawn for a life of 1s000,000 oyoloe aro ooncavo
~dati *OWB liko the buold.lngousve, Inoroasad strength for
thiokor panels. The fatigue curves drawn for a life of 50,000
OYO1OB suggotatInoraasod strength with Increasingpanel thicb
noes only ~ to a thicknoas of 0.032 inoh. As the tatreseapproaohos
the crippling stress, the strength-thlokness relation a-pproaohee

that for stitia fai,luro. It iO quite poeaiblo that a Ufforent
budding pattern appears at high loads.

Examination of mot IYoldaon Stiffonod Panole .

Spot welds in the comprestaionEomploa wore similar in dlmon-
sionwithi.n reasonable limits. Howavor, oaoh woldwas from 10 to
25 porcont longor along the &s parallel to tho long dimension
or height of the spoclmen than normal to this direction. Maom-
grsphs of tho untostod wolas are.shown in flguro 23. AS shown
in figuro 24, weld varintione are greater In tha thinner gago
material.

Tailure takes plaoe in theso welde in three ~es of crnck
ing patterns, two of whioh aro i.lluetrmtadin figures 25 md 26.
Tho othor typo failuro takss ylaoo at tho mot highly etrosaod
point whioh occurs as a r@uro along tho f~ing surfaco of tho
welds prosundly in tension.

Naxt to this break, a orack pattern is formod which Boema
Influonoodby both bendAng and fatigue. This appo~s at the
internal alolad protrusion into tho weld, follows the eholl of
the weld for a~, and then turns directly outward to the OK
ternd. alolad. This sort of craok gemrallypropagatos itself
inthO thinner Of tho two *OOts (figs. 27-R~d 25).

l’arthestaw& from the total brenkts is tho third type of
failure. Thin is illustrated in figure 26. Here a crack appears,
traveling Into the center of tho weld. The location of this
craok is between tho eqtiaxod and dendritlc zones in tho thicker
sheet near the geometrical center of tho joint.

In thinner gages, fatigue oraoke, similar to those found
in teneile aaqloe, wero obsorvoilin the oomprossion spooimans.
(ss0 fig. a)

.
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.Sectioning normal and parallel to tho direction of ampli-
catlon of stress showed no fundamental difforcncos in tho phc-
nomona ohsorved. Sometimes cracks appeared in one direction and
sometimes in the other. Differences here could not be hvostl-
gated fully hcause of the impoaaibility of sectioning the mmo
6pot two Wqnl.

Figuro ~ shows the formation of fatigue cracks at tho
dcladprotNsion of a weld which was quito a distance from the
zone of complete failure. This weld ia cracking RI.ongthe
brittle cutoctic line”at the porimotor of the spot weld.

Ocnclusf.onsfrom Tests on Stiffened ?e.nels

1. Several crack pattons were found in wolda of failed
specimens. Tho vnriation sooms to depend upon tho position of
tho weld cmomined with reference to the loc~.tionof failure.
Exnminction of tho welds suggests that both tension ~md shenr
atrc8a00

2.
creaOing
than for
however,

39

wero present in tho welds.

The static crippllng stress values decrease with in-
panel thic~oss cad are lowor for l~inc!% weld spr.cing
3/4-inch spacing. The stress at which bucKllng begins,
increases panel thichess.

As if influenced largely by tho buclding strossos, the
fatigue stress corresponding to a life of 1,000,000 cycles in-
tree.soswith incroashg pnnel thickness. For fatiguo failuro
c.ta life of 50,000 cycles, tho dependence on thickness sooms
to be between that for Mnger life ad that for st~tic fciluro.

III. TESTS ON TENSION S.MIJZS WITEIENS~SSED ATTACHMENTS

Materials, Tsst Pieces, Rnd Static Tests

Unstressed attachment-typo tension fatigae tad snmples
were made from 24S-T alclad in throo thicknossos: o.c25,0.032,
and 0.040Inch. Table 19 gives data on test coupons from the
pc~ticuhr shoots used in making these test plocos and indicates
tho normal properties of the sheet.

Tho samples originally consi.stodofpieccs 17 inches long
by 5 inches wide, each having a l-inch strip of the samo thiclmoss
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eheet* faetoned by a mingle row of spot welds acrom a center
line in a direction porpondioular to tho axis of lending. Two
spot-weld spaoinge, 3/4 *nob and 1+ inches, wore used for each
thiobess. Sinoe early teata tidlcated that,the.unatzoaeod at-
taohmont did not weaken the ehoet so muoh as did tie holee
drilled in either end for faetenlng in the grips, the oentor
seotion had to be reduced. Ii’iguro 30 show! lib final form of
test piece adopted. l’Totothat tho soduotion in section dol.eted
two of the original spot welds, so that four welds wero loft for
tho 3/4-inoh spaoing, and 2 welds for the l~inoh epaoing.

Tho spot--weldingconditions e~a toste on single 6pot samploe
made at the Rensselaer Polytoohnic Institute nre given In tablo 2.

Stati.otension teets woro made on a 20,000---oundBaldwin.
Southwark testing maohine. The speed of tostlng was 0.01 inoh
per minute within tho rango of the recorder and 0.06 i:lchper
minute (beyond yield point) to fallure. Stress-strain curves
were taken for eaoh -e of sample but allowno effect of the
attachment ploce except for tho low yield stroes. Tnble 20
shows tho results of these static tests. In oad!hcr.se,static
failure was by a break ncroiis the li~e of welds.

Fatlguo Tests on &m@os with Unstrossod Attaohmonte

Tho fatigue tests were run, using tho same technique r.s
for tho lap #olnt samples. There WLM3no question ns to n crit*
rion of failure since, in virtually ovory case, failure WRS a
complote bronk nntl tho lo~.ddropped to zero, so thcnttho nuto-
matic cut-off stOpp~a zx-.chineml counter.

Early runs wore mado on somples with a l&inoh-rn.dius fillet.
Shoe smorel failuroe ocourrod in the fillet or so near It as to
be influonood by its stress concentration, the rrdlus wcs in-
creasotito 3 inohos, whioh is ~ear~ ~e largo an ie rensonnblo
for the size of tho orlgind. strip and for tho sizo end noodod
for the grips ueod.

~ an error, eomo of the 0.025-in. samploe had strips of 0.032-
in. sheet attwhod. Suoh samples -o notod in tho te.blosof
results. !lhorois no ovidonce that thie affoctod the fatiguo
rOSUlt S9

.~~ “ ------ . .
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Tables 21, 22, and 23 give the roeults of the fntigue tests
*ioh were al-lrun at a ratiO Of minimumstress to nw=hmxmstress
of 0.25. Ylgures 31 md32 show the load-lifecurvoeplottod
f~m tlmse data. In thoso figures, it will be notod that, at
hi~ loads giving lifetimes less than 100,000 cycles, the sazrploa
broke along or near to the lino of welds. At lowor loads and
longor lifetimota,the samploe usually fallod in the fillet region.
Apparently, for low loadE, tho stress concentration duo to tho
welds waa lose than that caused by the fillet. It should bo
notod that~ as indicr.todin tho following section, some of tho

-sanples failing in t.??ofillet region has incipient fatigue crmks
dOllg tho welds.

l?igure 33 co arcs tho strength-thicknessrelations for (1)
7etatic failure, (2 fatiguo failure at 10s000 cycles (failures

throu# the syot welds), md (3) fatigue fnlluro at 300,000 OYC1OS
(failure in tho fillet region). Little Influonco of weld spacing
is apparent sxoo t that, for failures at 10,OOO vclos, the snmples

twith four wo:de 3/4-in. spf?cing)soom stronger than thoss with
two welds (lain. spacing).

Motdlogmphic Examiz-.tionof Spot Wslds

in Unstressed Attnolrmnts

Tho varintion of penetration md size of spot welds in the
unstressed nttr.chmontsis shown in figure 34. The welds in this
group havo tho ssmo dimensions ns the othors invostigetcd for tho
tension rmd compression smples.

Fatigue omcks aro started in tho unstrossod attr.chmontsat
thQ same plnco as in all tho othor types of samoles (i.e., tho
protrusion of tho Klcle.dinto tho weld). Instead of procecdirg
throug!!the dondritic region, howover, as in the lap-jointod
samples, tho oracks follow the porlmoter of tho ep”otweld (SOO
figs. 34a rnd 35) or, if tho alclad protrusion is oxccssivo (s00
fig. ~b)~ even bend baok into this zono.

Fr.tiguonuclei R.pear in the unstrossod at.tachmcnts,oven
In tho smzplea in which f~.lluroorcurrod outside of the welds.
In figure 3&, tho formation of a small crnck is shown in a
smplo which failed outsido tho weld zone. ~o,il~~ took plnco
in the stressed shcot rather tkan in tho unstressed attachments.
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. Conclusions

1. In static and in”high strestafatigue tests, failure
alms occure along the line of welds In preference to failuze
In the >Inch.rndius fillet Joining the ends of the test pieoes
with the center test section. This idlcates that, under these
loading conditions, the atrese concsntrntionproducedby the
spots is h@mr thmn that prcduced~ the fillet.

2. In low stress (long life) f~.ti.=-eteat%failure nlways
occurs In the fillet in preference to the line of spot welds.
This indicates tk-.t,under low Ionds, the strese concentration
imposedby the fillet is higher than that nroducedby the welds.

3. Invi~of the results above, It nppears that spot
welds in scnb sheets do not serioue~ weaken the materiel on
which th~ nro formed, so far RS fati~ue strength ie concerned.

IV. COBRELATIZ! 01’FATIG~ =OPEFJiTIESWITH i~AILURGIOAL

STEUCTUIIE&lD GEOMETZY OY SPOT WEIillS

On the three ~pos of snm@es investigated, lap Jointo,
stiffened pmels, rmd umtrosend ,attnchments,it wr.sobgervod
the.ttho fp.tlguecracks prey.cyted themselves throug??different
structural rcglons in tho spot weld under the various stressing
conditions ~rescnt in o.achtypo of specimen.

The inception of fatlego fr.ilureoccuro In most cnnos P.t
the pro~ection of the Internal c,lcladinto the weld slug. A
nucleus forms here. This protrusion is a mechnnior.1not&
surrounded by a materi.nlof 10V strength (2S cladding - tonmilo
strength 13,000 lb/sq In.). B’urthormore,the notch effect ~
be intensifiodby piping, by oxide nccuwlatdon, or by forcing
tho dmots qmrt by blown metal (nopittingn). As all YLOSO
effects can, and meetly do, occur at tho al.clndprotrusion, in-
ception of fnilme is usually locnted nt this point.

B’actoraoposhg failure r.t*-o Flclad junction in the
weld are scvero ecratchos on tho alclad outnido of tho weld,
but in a highly strosso~ riqgion,coupled with tight bonding of
the cladding on tho f@ng eurf%cos just outnide of the weld in
the coronc,region (mechcnlcdlybondod ring &round weld slug).

I .,.-—.. .-— .. . . . . .. . . . ... .. —.. —
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TO secure a bond sufficiently tight to prevent rupturing in
fatigue, the pressure which must bo used is usually enough to
indent severely the outside eusface of tho spot. This will causo
failuro an a line from the notoh cauaed ttythe electrode indenta-
tion to a scratch in the alclad in the plane of tho weld interf%co.
This typo of fallum Is rare with modozn welding practice, as
severe indentation is avoided.

~lo fatiguo crnc!:, once started, w propngato in n nunber
of diroctlons, doponding on the naturo and the extent of tho
strossos applied. Cracking can, thercfore, take plnce in the
oquiaxod-grainedcontor area, the surrounding dendritic rebtion,
or the heat--trontednroa r.roundtho once-moiton weld slug.

Under heavy s’learfntibme loadg, failure tnke~ ~laco within
tho oquimxed-gmined ccntor croondo.~ t~e lntorface of tlhoweld,
but, for ligfiterlords, tbo crnck travels ncnmwl to this diroctdon
through the dondritic region to tho outer alclnd. Thero is somo
ovidonce (am lap joint tests) tlmt a grcntcr nmount of dont?rltic
stracture, RS fount! in mot welds with much pcmotrations imprwos
fntiguo rcsistn.nco. The dcndritic region, containing the most
ductilo metal in the slug, is r’.pparontlymoro rosistmt to cr,wk
propagation thn tho surrounding.wrought dural atructuro.

Under torisionf~.tiguo,ES observod in tho unstressed nt-
tachmmts, t.?.?ecrack= follow the edge of the weld until the dis-
tance betweca tho outor surfaco and the crack is very short tad
tho creek brorks through. T2heregion at tlnoshell of tho weld
is quito brittle as incfjiout uolting of the mntorial next to
tho weld pool, solid eolutd.onmelting along grr.inbountizios,
~!d intrueion of a ccppor-rich outoctic from tho weld pool has
tnkon piece in this e~ea.

Spot Woih in 245-T alclad aro not very strong in ~ongion,
aS thc ratio Of static tonslon to sh0r3 iS O* 0.29.
ruferonce 5.) This rr.tie,which is given ns a ~casuro of duc-
tility in e__otwelds, is low for 2~+S-T.nlclndbocr.ueoof tho
brittle zone surrounding tlloweld, which hss nlso bocn shown
subject to crack prop:’~tion in tonti~n fatigue. (SOC urstreeoed
attc.chuontsection.)

In goncral, it can be said thct welds with Km ~mp.test
ponotr~.tions,snout of &.ndritic ntructuro, ad diamotor pos-
sible, will prove ntrongost under dyimnic lor?drg. It hr.sbeen
found thnf static shear strer@n increases with ticrcrsod



,

diameter but dooreasos with increaBed penetration. (Sf3eref-
eronco 4.)

.-.
.“ Shah* ‘strfmgth= l~a

thee
ponotrF,tion

!ChOpenetration effect, however, eeems more
in fatigue than It ia for t3tatioshear strength,

. . .

importmt
ae groator -

ponetrr.tionsppws to lengthen spot-weld lifo under dynamlo
loading. “

Bnttolle Mcmmrie.1Institute,
Columbus, Opio, Marohl, 1943.

~IX I

msTsmAIcLUl 24&!l!SKEIFl

SUBMITED13YEA=~ MEM2RIAL INSTI-

(NACA SPOT-VEIJlFATIGUE IMVXSTIGATI.IT)

& 0. R. Budd.os

Introduction

As part of the spot-weld fatigue investigation for the
I@,tionnlAdvinoqy Committee for Aeronautic, tho Battelle Memo-
rial Instituto Is dotorminlng the fatigue etrength of nome apot-
weldod structural specimens of alolad 24S-2 ehoet. In aooordance
with an agreement by tho Aluminum Oomp&uzyof America to c.ssiet
in the material control tests of the items ueed in the prepara-
tion of fatiguo specimone tested recentw, Dr. H. W. Russell
eubmlttod test ooupone from the sheet used.
.-—- —--—— -----------—---- ---------------------—------ --

*Thie appendix is a report prep~zed by the Alumlnum Company of
Amerioa on the proportiee of the sheet material used in the
investigation.
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The object of thesetestswas to determinethe tensiloand
compmesiveproperties of the alclad 2@T eheot used In the
preparation of spmo spot-welded structural specimens tested
in fatigue at tho Battdl.e Memorial Institute.

Wterial

The materiel sub.littedconsisted of dupliceto test coupons
1 inchby g inches in size cut longitudinally from each of 55
pieces of slheot,as fbllo~rs:

Sheet
Identifier.tionsymbol thickness

(in.)

376~~+5-12A to -C 0.040

-11-A to -R .032

-S-A to -1? .032

-7-A to -O .025

& -10-A to -I!! I .C25

Proceduro

Tonoilo test apocimens were nnchicod from one of mch pair
of the test coqons submittad nnd wore tested, using the 1000-
and 2000-pound rmngos of an Amsler 20,000-pound c.npecityuniver-
sal testing mr.ohine(typo 10 SZBDA). In each of the five groups,
a tensile stress-strain tast was m~.deon at ler.stono specimen,
using the Huggonborger tensometors with a O.5-iImhgwo length.
T!m yield stmugths of tho romainhg tensile spacimons wore “
detmmined, using a Tomplin autographic extensometor. (See
rcforonco 6.) In all tests, the yield strm@h was detmminod
at 0.2 ~orcont offset.
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A aomprossive stress-strain test was medo on ono specimen
from oaoh of the five groups, using the test coupon correspond-
ing to the one on which a tensile stress-drain test had boon
.=o. Each conrpreasiva.test wae”nado in the Mcntgcme~Templin
single-thiclmoeafixture for tostlng ehoet. (S00 rofarenco 7.)
Tho testewore redo, using the 5000-pound range of a 50,000-

?
ound oapnclty ScuthwarbTat o-lhne~ universal teating machine
sor. no. 5HE-162 ), and etraino were moasurod with Huggen-

berger tensometore (2000X) with 0.5-inch gage length. The ~iold
strength was detorminod at 0.2 percht offeet.

Diecuseion

The results of tho indAvMual tensile and
teets cro found”in tahloe, figures, and data.

corxprmeive
StreOe-Otraln

curves in tension and coapraeaion for ono sample from each of
tho five groups of Ekoot nro shown in figures 1 to 3. Tho
teneilo r.mdccmprossivo atross-strain curves for corresponding
WXY1OS woro grouped togothor to show direct comuarisonsr “md
onch flgum contnins tho curves for one thicknoes of shoot.

Tho results of tho toneilo tests are smmmr izod In tnble
I. This tmblo shows the nnximum, morsgo, end minimum voluoe
obtalncidfor onch of tho five groups tostod md also tho number
of toets in each group. All L%o mntorial wns found to soot
the roquiremonts of Ibdcral SpocificntionNo. w-A-362 as fr.r
e.stonsllo prcportioe aro concornod. In fr.et,all tho tonsilo
etrcn.qtheand yield strongtlhsexcoodod tho publlshod typic~,l
values for Ucoa .nlclnd24$T ahcot, cmd tho avornge values for
each group woro at lenat oqw~ to the published

T
ical vduea

for Alcoa alclad 24- dhoot. (See roforence g. The olongw
tions gonorsJ

T
were equal to the published t’ypicalVFIUO for

Alcoa alclad 2 S41! shoot and considerably abovo the @pical
VOLUOS for Alcoa dclad 24&E!C shoot.

Tho results of tho toneilo cnd the compreseivo otross-strnin
teets am summari~od In tablo II. As shown in this te,blo,tho
ratio of tho comproesivo yield
strength of the samples tostod
a minimum of 0.82, tho average
is about bporcent higher thnn
MIOU5. (Sco roforonce 9.)

strength to tho tensilo yi~ld
ranged from a -hum of 0.g9 to
being O.Wj. lkie avorago valuo
tho value of 0.g2publis!!od in
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OoncluOiane . .

from tho toets whioh have been nw~o on longitudinal
~eoimons from tho samples of alclad 24S-T shod submittod
by the Battollo Memorial Instituto, the following conolusi,ons
doom warranted:

1. Tho tonsilo atrmgtha cd tho yield strengths of
each sample cxooodod the typic~l ve~uos for Alcoa alclad 24s-T
shoct. Tho elongations woro about equal to the @pical. VPIUOS.

2* Tho dlfforcnccs in t!o tonsilo proportion of each
{;roupof samples tostod were differoncos whioh normally would
bo oxpoctod among sovorfi l~ta of cilclti24sT shcot.

3. The nvorngo ratio of comprossivoyiold strength to
tonsilo yield strength wn.scpproximatel.y0.135.

Docombor 24, 1942.
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Speoimns
Harkad

576646-12*

376645-11*

376645-84

376646-74

37664G1O+

Ih2mlnal
miokw Ss,

In*

0.040

0.032

0.032

0.026

0.026

RBSWCS (F ~SIKE T2STSOF ALCLAO24S-T_

lhmber
of
Teotm

3

18

14

15

5

(P.T*l10.11OP42-B)
,

1

Haximuul
Average
Miniwn

Ha%illmm
Average
Minim

Maxiunlm
Average
Minimum

Maximum
Average
Minimum

Maxilmlm
Average
Minimum

Tensile
Streqth,

pai

68 9(X
67 830
67 CUM

68400
67 170
66 500

68 500
66 640
64500

68 200
67 550
65 900

67 4W
66 640
66 300

YieldStrength
(offtlet*.2$),

pai

63900
62 570
51 300

61900
50 750
49 700

61800
50090
47 400

55 100
52 810
49 Ooo

53 100
61 620
50000

I

Elongation ~
in 2 in.,
paroent

1790
16.6
1695

20.0
18.4
16.0

2(I*6
18.9
16.0

1990
17*5
16.0

18.0
17.6
1700

W indioate8#pMYlm3moutwith-grain.
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Speoimene
Mnrked

376646-12+i-B

376646-11+-B

376646-8+-A

376646-7+-B

376046-10+-A

Average

Nominal
~okness,

in.

0.040

0.032

0.032

0.026

0.026

TABI,S11

RB8UIXSOF THISIIEMD @UPIWSIVE
OF ALCLAD24S-TSIEETFOR BATTELIE

Smms-s?rimi TESTS
HmmIAL IHs’rrm’m

(P.T.Mo. 110842-E)

Temi le
strength,

phi

67000

66 900

66 8m

68 Ooo

66 300

Tensile
Yield8tren@h
(Offset-O.~),

phi

52 600

61 500

47 900

64 200

61 400

Elongation
in 2 in.,
per oent

1790

16.0

19.0

16.6

17.6

Compressive
YieldStrength
(Offset+.2$).

pai

44 900

42 000

42 600

46 700

44000

R4tio

&
CYs

0.86

0.82

0.89

0.s4

0.s6

0.864
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ALuMm co.hIPANyOF AMERICA

AluminumResearchLaboratories

New Kensington,Pa.

PhysicalTest No. - 110942-E Alloy& Temper-Alcla324S-l?Form-Sheet

ChemicalTestNo. - NominalSize- .040in.

OrderNo. - Prob. 129 (J.O.9-6682-A) ActualS5ze - As noted

Received from- BattelleMemorialInstitute Date 11-9-42

TensionTestData

Specimen
Marked

376645-
12-W-A

B

c

Average

Dimensions
Inches

.0385x.502
(.0193)
.0392x.502
(.0197)
.0407x.502
(.0204)

Specimenscut with grain.
Ref:Memorandumby G.W.S.,

November7, 1942

TensileStrength
Lb. PSI

1330

1320

1380

68900

67000

67600

67830

YieldStrength
(O~fset=O.~O)
‘Lb.

.

990

---

1100

,

PSI

51300

52500

53900

52570

Elongation
m 2 in.

In. %
——

0.34

0.34

0.33

17.0

17.0

16.5

16.8

.Testedby C.K.W.-C.R.B.Date 11-24-42

Checkedby J.B. Date 12-19-42

Approvedby R.L.Templin Date 12-28-42

—.-. .__- ..__ . —.. . . . -. .-.



NACA24 ALUMINUMCOMPAM’YOF AMSHICA

AluminumReeearohLaboratories

New Kenllington,Pa.

~iml featHO. - 110942-E Alloy& Temper-Alolad248-T Form-Sheet

ChemiealTestlWo.- kminal Size .032in.

Order lio.- Prob.129(J.O. 9-6682-A) AotualSize Ae noted.

Reoeivedfrom- BattelleMemorialInstitute Date 11-9-42

Speoimen
Merked

376846-
11-H-A

B

c

D

F

H

1

J

x

L

M

il.

0

P

Q

&

DimenaionB
Inohes

.0303X.502
(.0152)
.031SX.602
(.0157)
.030SX.502
(.0166)
.0312x603
(.0157)
.0313x.502
(.0167)
.0305x.502
(.0153)
.0S07X.603
.(.0154)
.0S14X.503
(.0168)
.030SX.503
(.0163)
.O31OX.5O3
$:m::~03

(.0164)
.030s%.50s
(.0153)
.0315X.503
(.0158)
.0311X.503
(.0156)
.osok503
(.0153)
.030SX.503
(.0155)
.OSOSX.603
(.0155)
.0328x.503
(.0184)

Utwith grail

TensionTestData

Tensile
Lb.

1020

1050

lom

1080

1060

104Q

1045

1055

1005

1060

1045

10s0

1055

1045

1030

1045

1035

1075

%!%

67100

66900

68400

67500

67500

6SOO0

67900

68800

85700

67300

67s00

67300

66800

67000

67300

67400

68S00

65500
67170

w

YieldStrength

*
Do.

-

755

---

806

800

780

770

785

785

765

800

795

770

795

795

775

805

795

825

49700

51s00

51900

61000

49700

50300

61000

49700

50000

51300

S1800

60300

51OOO

50700

51800

51300

50300

Eloq

+

0.40

0.32

0.34

0.37

0.S8

0.3s

0.36

0.38

0.34

0.40

0.36

0.36

0.38

0.S8

0.36

0.36

0.38

0.36

tion
in.
%

20.0

16.0

17.0

18.5

19.0

19.0

18.0

19.0

17.0

20.0

1800

18.0

19.0

19.0

18.0

18.0

19.0

18.0
18.4

*
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Speohaen
Marked

57684
8-WA

B

c

D

E

F

H

I

J

K

L

M

n

Average

Dimendons
Inohe6

.031*.50S
(.0168)
.0311X.50S
(.0166)
.0322x.60S
(.0182)
.0328x.60S
(.0186)
.OSOUX.503
(.0165)
.031X.504
(.0160)
.0306x.604
(.0164)
.0301X.504
(.0152)
.0s12%504
(.0167)
.0305x.604
(.0164)
.0312x.604
(.0157)
.0301x.604
(.0162)
.0398x.604
(.0160)
,0306R.504
(.0154)

?eneiom

?eneile
Lb●

1040

103s

1085

1105

1000

1050

1030

1010

1080

1025

1060

1010

1010

1056

I

Test Data

trength
PSI●

65800

66?$00

66700

67000

64500

66500

66800

66400

67500

66W0

67600

66400

67S00

685W

66640

?ield8trzu@h
(offset-o.

. F#--

---

800

800

866

735

800

790

730

776

790

806

750

765

780

47800

61s00

48400

61800

47400

50800

613m

48000

48400

51300

61300

49800

61000

51300

50090

Elongation

T+~
0.38

0.s8

0.S6

0.38

0.41

0.?i6

C.38

0.38

0.37

0.32

0.40

0.38

0.36

0.40

2 in.
s

19.0*

19.0

18.Q

19.0

20.5

18.0

19.0 .

19.0

18.6

16.0

20.0

19.0

19.0

20.0

18.0

●Bbke throughHug~berger
tenmueter nmrks.

8Pedmene eut with grain. ?emtedby C.K.lV.-C.R.B.Date 11-24-42

Oheekedby J.B. Wte 12-19-42

Approvedby R.L.Templln Date Dee.28’42
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~
Speolmen
Marked -

5713645-

7-W-A

B

c

H

1

J

K

L

M

N

0

Average

Dimenaione
Inohes

.0266x.504
(.0134)

●0253x.506
(.0128)
.0252x.604
(.0127)
.025SX.504
(.0128)
.0245x.604
(.0123)
.0255x.504
(.0129)
.0263x.504
(,0128)
.0262x.504
(.0132)
.0252x.505
(.0127)
.0253x.505
(.0128)
.0261x.506
(.0127)
.0261x.505
(.0127)
.0248x.606
(.0125)
.0247x.505
(.0125)
.0255x.605
(.0129)

TensileTest Dat

Tenall(
~

~

883

871

855

850

833

872

873

886

864

866

861

864

849

847

876

*

65s000

68000

67300

67700

67600

68200

67100

68000

67700

67S00

68000

67900

67800

67800

67550

fieldStrength

%%!-4r-Offse

-

657

---

653

698

645

670

705

700

655

663

680

SW

858

675

700

4s000

54200

51400

64600

52400

51900

551(X)

53000

51600

61800

52000

54300

52600

54000

54300

62810

Elozq

l+-

0.34

0.33

0.S6

0.s2

0.36

0.36

0.36

0.32

0.36

0.36

0.36

0.33

0.3s

0.S6

0.35

lti-
!In.

%

17.0

16.5

18.0

16.0

17.5

16.0

18.0

16.0

18.0

18.0

16.0

16.6

19.0

18.0

17.6

17.5

Speoimeneoutwith grain. Teatedby C.11.W.-C.3.B.Date 11-24-42

Cheokedby J.B.

Approvedby It.L.Templln

Date 12-19-42

Date 12-28-42
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Speaimen
Mnrked

376645-
1O-W-A

B

c

D

E

Average

~

Dbenaionc
Inohea

.0256x.503
(.0129)
.0246x.503
(.0124)
.0255x.602
(.0128)
.0234x.503
(.0118)
.0256x.503
(.0129)

?enaionTestDa

843

830

862

794

869

65300

66900

67300

67300

67400

66840

YieldStrength

~————

---

648

640

605

685

51400

52300

5oooC

51300

53100

51620

Ehrlg

+

0.35

0.35

0.36

0.36

0.34

~

.tion
!in.
%

17.5

17.5

18.0

1s.0

17.0

17.6

Speainwm aut with grain. Tentedby C.K.U.-C.R.B.Date 11-24-42

Cheakedby Jm B. Date 12-19-42

Approvedby R.L.?emplin Mte 12-28-42
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Kind Of da

Speolmen
Marked

S76646-
12-W-B

376645-
11-W-B

376646-
6-N-A

376645-
7-W-B

376645-
1O-W-A

,: Coxnprem

Nondnal
Thiokne6e

in.

.040

.032

.032

.025

.025

on Teat:

Dimsnaiona
of Spec$.
in.

.OWOX.626
(.0244)

.0312x.626
(.019s)

.0316x.625
(.0198).

.0263x.626
(.0158)

.0251x.625
(.0157)

Length
of Speo.
ing

2.630

2.630

2.630

2.630

2.630

No. Of
Pieoea
In Speo.

1

1

1

1

YieldStrength
(Set-Ox)

Dai

44900

42000

42600

45700

4400c

Speokna out with grain. Testedby C.K.W.-C.R.B. Date 12-3-42

Cheokedby J.B. Date 12-1S-42

Approvedby 2. L.TernplinDate 12-28-42
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-&AIMUS, CALIBRATION,-~ TEST KETHODS

Doscripticn of tho Yatlgue Toating Machine

The tests rqortod hero have been run on a ficuso fatiguo
testing machino of 10,000 pounds maximum load Cspacity. me

‘no - ‘“=omoute ‘nvetimt7 - ‘O=’”O”s at one ‘m”A photograph of tho machino fig. 37 shows ono seuqle loadod
in tmnsion and indicates clearly the main foaturos of loading.

Tho wariable load is qpliod by the loMlng lever ~ actu-
ated by the-cm ~ the occontricity of whlclhon the driving
pullq ~ can be adjusted to any desired value. Tho member
trcnemitt~ tho force to the spocimon is guided by a pMrUol-
ogrem cyst= of four stool plato fulcrums ~ which produco
strdght-l~il” notion Pmd direct loading of the sample. Tho
uchlne is of iihoconstant defloction @-pe. !l%.oaverage vnluo
of the lo~.dcan be adjusted by tho loadlng ecrew ~.

The etntic load VPIUO is obtained by moaeuring the bending
of ctfixod length of the la-ding lover ~ by means of tho dial

f
ngm on the ‘gcgo barn ~. The rolntion botweon dial resdings
relative to a reading with zero lend) end lend vnluos is given

by a calibration curm. This callbrr.tion wae obtained (e.ttho
futo~) by dead weights applied to the lower epocimn holder
for low loads mnd by a proving ring in nlaco of the s~eclmmn
for high loads. In practice, dial deflections aro rccordod for
ncxlmun end minimum loade as tho cam ~ is rotntod slowly FJ
hemi and the corresponding load vcluos till bo termed horoin-
aftor the ‘static load values.n

Tho machino ie oquippod with two mechanical countore f.1so
geared to tho driving silt e.sto record ono oount for eacz
hundred cycles of applied Btreae. !llhocountere ht?.voa common
drive, but each may bo rosot to zero to correspond to tho etart
of a run upon its particular scmplo. A cut-off ~ is dosignod
to stop the mot~r and, honco, aleo the counters, when tho load
drops either ~ yielding or failuro of the sarrrplo.

Important coneidoratlons In running w eample Includo
(1) clnmping tho SWHP1O 80 as to ineuroz=inl loading, (2)

—.. - —. .-. .— --- _- —.—
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8
ust ing and dotmmining tho vccuos of the lcmdsqpliod, and

3 determining the number of CYC1OS to failure. l%oprocau-
tions that have been taken in each of these three respects will
now bo discussed in some detail.

Clamping the Semplo

a) Tonnion SPXID1OS.- &qles tested in tension wcro hold
in g~ips cs shown in figure 37. In preparntio~, the Eamplo was
mrrkod for the contors of tho three bolt bolos in omh end by a
stool tomplatoo !1310holes wore then drilled47/64inchand tho
contorholo at mch end romod to find SiZO (3/4 in.). The
SOZTP1Owas then mountod ir-the grips, using only a contor bolt
r.tor.chor.d. With m modornte nppliod load (rbout 100 lb) on
tl~os.mplo, the rommining bolos wore rcmed to sizo through the
hmdonod sleovos In tho grip bolt IxAos. After thoso holes
were clmnod outj tho rom.inlng bolts woro Inserted. This pro-
coduro WP.Sdosignod to attain ~tinl lending.

b) Cowrossion 130nm1C9. - ~igure 3g shows the compression
grips used for tho samples doscribod later in this rfrport. ~
is a platen to which W?.SclarrpodLho > by >inch surfaco ground
stool pinto Q. Tho small plates, ~ ~ad~, were used to pravont
ol@pir4 of tho ond of the snmple. In prc.ctico,plato ~wms
kO@ fixed SO that, when the pnncl of the compression samplo
was against Qr tho coator of mnss of tho saqlo W.S on the axis
of loading. I?hto Qwas tight=ed ngninst tho hat-shr.postiff-
onor of onch smplo.

Shins (vislblo %t ~ In fig. 3S) were pl~.co~between ~ ‘ml
~so that tho fnce of ~for thobottm comprosslon pl~.tewas
porpendicd~~ to the loading axis. With a scmple st=.sing on
the bottonple.to, shims woao ndjustcd for the upper grip so
its surfzco ~ rested evenly upon the tap of tho emrple.

To avoid twistir~ tho s.aqle while adjusting tho load,
‘.rod was inserted in tho disk ~ ?md held mnmudly during the
r.d@tnent. Le.ter,a cl?mp, dosi~med to be f?.stonodon the
supportiq- COlIXJ.nSBwns constructocl. This clanp wv be seen
~.hovethe ~or comprossicm grip in t!he@otogrr.ph of figuro

37=
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-. A method for measurement of loads.while.thg maohino is
rumin.g, using electrical rosistam-type strain gngetaswas
devolopod.

!l?hoprinciple of the mer.auringmethod.is to ~1.y an
mzdio frquen~ ourrent to a Whoatstone typo bridge one arn
of whioh Is mu SR-4 type A-1 gage mounted sithor on the test
specimen In which it is desired to measure strains or on n
Uwei@+arR in series with the specimen. MO periodic strain
in the test pfoce or ‘weigh-bnrn varies the resistance of the
gage. This vcaiation in resimt=co motiulatosthe audio fro-
quenoy signal.being appllod to the bridge. Tho bridge is
bal~ncod by m-s of n slide wire. A cathode r.~ oscillo-
scope is used P.Ba mill~oimt Indicr.tor.

E’lgure 39 is a wiring diagrom of the equ~uent and
figuro 40 is r.photograph of tho assemb~ showing the v-.rioue
parts in ylnco. In figure 39, the parts illustrated Pro as
followO:

Tho aim J sourco. - ‘An ia a Hovlett Prdsnrd Model 200 A
audio oscillator. While this oscillator can provide froqaen-
cies from 35 to 359000 oyclec, it is being used at a constant
frequenoy of 750 qcles. This frequency canbo convonier.tly
filteroiiso as to olimin~.te6Gcycle pic~.

Iqy is a shielded isolating transformer with input and
output hpdnmce eelocted to mntch the oocille.tormd bri.~e,
respectively. The transformer is aUnitod Trznaformor Company
typo LSIJ1 transformer.

lf~e Bri&~.ll- !I(jn Is R ‘l-n -o APl -e ~()~ted

on a strip of nw,terialsinile~ to the “woi~bp~n or test
piece on whioh is mounted a similar g=.ge‘D.fl Those gages
five an qproxlmate resistance of 120 ohus rmd tho ‘dunqfl
gage is mounted as close to the measuring gage as possible
in ordor to seoure tmpcrature conrponsr.tion.These two el-
nonts fora two arms of the bridge. The othor two arms -o
med.oup of reslstanoe olomcnts E, l’s(3,H, 1, J, wul Ki whioh
are saloctod to mako rou@ly a 1:1 ratio with the SH-1 ole-
ments~
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Resistamcos E, I’,and R form e resistance combti.~.tion
of approximr.tely146 ohms. Eosistancea I, K, end the decnde
box J form r.vcarl~.blaresistance combination which cm be
vnried to suit tho particuMr gages (O and D) being used, eo
that when tho slide wire G is set at mro, tho britie is
bfiancod for zero atrnln on D. The slide wire G is c Loode
& Northrup Kolrausch t~o slido wira which Is divided into
1000 ddvleions. The sensitl~i~ of tho birdge is such thnt
one division on the slide wiro corresponds to a rosictance
chango of about 0.0009 ohm in gago ‘D.’t This chnngo in
resietanco is Oquiv?d-entWproximtely to n str.e.inof 4 X l~e
inches per imh.

On nccount of str~ cqm.cit.nnee,It is necess~ to
insert some cqmcity in one c.rmof the bridge in order to
ohtflinn bc.lrnco. This cr.pacitnnceis shown nt ‘N in figure
39 nnd has arnnge of ~ to 10CIOp@. T Is shown in arm C:
it cm bo insortod. howevor, in my other am, as required,
to ofitninn b,alance.

The detector rmd null-moint indicztor. - The vr.rlous
pwta o??tho detgctor circuit are “L,n e.high qunlity sh~oldod
t~~e gTAll Stnncor isclmthg traaformer which nv.tohesthe
iupe&zce of the bridgs to the a~lifler M. ~.is ~~lifior
is a Ih.vidBogon COWW me ~1~1nmplifior hc.vinga vuiable
gnin from O to 125 ab. !QIe a,plifiod signal Is then passed
through two filters, M cnd P, deaigncd to select the bnnd
from 500 to 1000 cycles, md the filtorod wavo is elhownon
the oscilloscope.

IITia a Gor-err,l%Aio typo g3ClB,500-cycle high pnss
filter, ,r.ndP is r.General Rndio type 930E,1OOO-CVC1Olow
pms filter. Q is mDuI&mt type16g oacillogmph. All loads
connectingthovmious protionsof the equipucntaro in
ehleldodc-i.blocand the elhieldsof all cables md transformers
%re groundod~

Sevornl tostc were mndc with the str~~n gee ‘Dn on the
smplc itself md tho d- gage “C” on n unstrained samplo
nonrby. It is time-consuming to use a new gr.,;ewith onch
ample; noreovor, n g~g on the snqole Is sabjoct to error
at high loads ~on the srqlo is yielding. On the othor hand,
m weigh-b.arin soriee with tho enmple offors difficulties in
mounting of tho ample. Hence, somo mombor of the machine
Itself which would show eppreciablo strain proportional to
the load wns sought.
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A convenient nrrnmgement proved to bo this: Gqge ‘Dm
-S nounted on the plate fUcrum E (fig. 37)s while ‘Gn WnEI
mounted at ~. Thus, ‘Cw served as temporaturo conpemsator
to ~, and also, since ~ Is in temionwhen~ 1s in compression
and vice versa, the arrangement offers roasom=.blesonsltivity
d~spite the relatively small straine in those plnte fulcrums.
It ehouldbe noted thnt t% strain in gage ‘Dw cmsodby
bending of ~ im l~rgoly compeneatodby a atraln of gngo ‘C,w
owing to oonourrent bending of ~. Exoapt at extrenely low
loads (leee thnn 50 lb), tho readings of the slide wire in
tho hridgo circuit are linear with corresponding valrms of
static load= I@amio rmdings with thie gnge arren~ement,
moreover, give vduee qeoing with those obtdnodby using
n strain gage on the epeclmen itself. (Tho slight dlsor~
emciea at low loads cm bo el-~.tod ~ an arrangement
whoroln ‘D’tconsiste of two str~.inGogos nounted upon oppo-
sito oidos of pinto ~ md wired In series, while ‘C” ie r.
sinilar r.rrangomontupon plato M.)

Ono rcneon for tho reproducibility (usually bettor
thrm 1 pcroont) of dynmic lord values obtainod with the
oloctric str~d.n.g-goaconcorns the calibration method ~doptod.
As an exnmple, su~ose it is dosirod to obtain dyncmic vP.lues
for eomo pmrticulnr loading. The cam is turnodby hand, md
rmdlngs of the dial ~~ nnd of the slide who are rocordod
for mPximum lomd, fcr nirihum lo-d, nnd for two or threo
lends in botweon these. TMs affords n c~librr.tioncmvci
for the strc.ingage. Now the KrouscIgnge bnr is ronovod,
the motor Is stnrted, .nnddynamic values for rimun and
minhum 10-d wc rend from tho slide wire, The n-chino 10
now stoned ead the calibration repontmd. Thus, any shift
In tho strain gaga cali%ratlon cnusod, for exnxplo, by l%ck
of complote temperature aonyensation, is notod. If suoh a
shift is appreciable (whioh occurs only when tho strr.ingngo
circtit has been turned on recently nnd h-s not rbnchod
equllibriua), tho rondhgs are all ropoatod.

kny tests by the methofldescribed ative indicate that
the “dynzxnicthro# (max. load minus min. lend when the
machine is running) is ~.bout15 poroent gror.torthan tho
~statlc throd (difforoncebotwoon w=. and min. lends when
the cam is slowly turned ~hnnd). !I!hnttlliethrow increase
is due to inertin of the moving lending lever wns confirmed
by tests with e.series of etrain goges mounted P~or# tho top
of the loading lover (rzt~, Q, ~, etc., in fig. 37). Tho
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gage St ~ showod such a dynemic increaeo, the ono at ~ showod
Mttle Ufforence betweendymmic throwand staticthrow,I+M1o
-OS at ~, & emd& showedstaticthrowsmore than dywdc
throws. Those observations P=e readily understood if, beomso
of lnortia~ the benting of the center lino of tho loading lever
1s along the lines skotchod in figure 41. In such n case, the
strain at ~ would be grcator for static deflections. The point
~ is at the pti.cowhoro MO strain is the snmo for both st~.tic
and dJ~flXiCConditi.om!.

All tho tests thr.thavo bcon tried indite.tethnt, with
tho cnlihration nothodusod, strtin Gages on tho plate ful-
CIllmS~ ‘md ~ PZO SatiSfCCtOJ?Ym Tho grqhplottod in figuro
42 indicmtos thnt tho dynamic throw is directly proportional
to tho static throw for awido r.angoin moan lend and for
spccinens vrzying widely in stiffcoss. MO points shown on
tllo>Ta

Y
woro obtalnod for (1) a stiffaned aluninun panel

(typo D loaded in coqrcssion, (2) a cr.stiron pipo about
5 inchoa in dlamotor rmd 3/16 inch inw~ll thiclmoss loedod
in comjmossion, (3) a stool pkto about 15 inches long F.nd
2.C!Cli.nchosby 0.093 inch in cross section lmdod in tension,
mzd (4) r.spot-welded 0.040 inch shoot of riLunhum with welds
3/4 inch cpe.rtloaded in tension. It will be notod thnt the
experiment.alpoints frillupon a etralght lino with consist-
ency. A similrz callb~tion curve wp.smade for tho right-
hnnd sido of the machine. It should bo noted, since it doos
not npper.rupon the grwph, that the dymmic man lord had~
within cxporLiontal error, the sewm velue 8s tho stntic
mom load.

In view of the consistency of points for such plots, it
secns jufltiflableto “dopt n gTaph such es figure 42 r.sa
c~libre.tioncurve. If tho desired dynomic throw is known,
the corrccrpondi~-static throw is obtaimod from tho cclibrn-
tion curve mul tho loadhg is dor.ost-.ticelly.

Z40amrin# the Number of @clos to Fniluro

Tho fntigue testing ERchino was migin.ally oquippod
with clsctric,nllyoporntmd counters. Difficulties with these
rosilted in hcvi.ngthem roplnccd by the moclmnical countors
nlroady rmntioned. !Chesolater countors PXO now cpornti~.g
sfitisf~.ctorilym
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The cut-off (which stops the mnchino when a test pieco
fails) consists of a microswitch operatod by a chango in the
deflection of the center of the loading lover with a chsngo
in tho mnxiuum lend. The notion nvail.ableis only about ~ ~
thousandths of an inch for a chamge in maximum load of 100
pounds. With the present arrangommt, the”switch ccn bo nedo
to operate for a motion of 0.015 inch corro6ponding to a
Chango in load of 430 pounds● The consistency of this ‘crite-
rion of falluron is, of ccurso, bettor than this in the sense
that cut-off oocurs fitnearly tho snme (within a%out SO 1%)
decronso in load for all mmplos.

!&e Routine Adoptedfor Fatigue Tests

In ordor to trcmt nll sanplcs consistently, a routino
procmiuro of loading nnd checking snmplos h=s boon ostablishod.
Erichsamplo is inspoctnd for rough edges or visible fhws.
Thoportinent dizmmions of ench saq~le aro rccordod. From
dmta obtained on previous tests, n loed dosignod to givo a
deaircd paint on the S-N curvo is soloctcd. If tho dynamic
throw aefiignodis lmown, tho stntic values r.twhich the
mnchino should bo set aro oomputod & usinc tho dyno.nic
throw cdibre.tion gmph (fig. 42) for the pnrticulnr mrchino.
~ use of the calihrntion constant fmnishod with tho mchino,
tho dial rcrdings to wlnichtho loca 1s to bo sot nro comyuted.

!ho snmplc is then placed in tho clrmpe, with tko pr-
cnutions olrondy noted, md the lending screw emd tko cm
occentrici~ aro adjusted until tho desired dial romlir?s
(within 1/3 dinl division - corresponding to r.bout10 lb)
mrc obtalnod. Now tho nachino is run for 1000 cycles, fining
which tho noan lend ofton docren,sos. The lo~.dis chocked
and, if necessary, restorod to its original vnlue. Tho mnchlno
is stnrtod and, nftor the cut-off ad$zstmcnt has boon cihecke~
is left running*

All machines are checked frequent~. A chock includes
a counter rc-ding, ro.ndingof nwdmum and minimum load, a
check on the cut-off adjustment, Pad careful visual orami-
tion of tho +mplo.
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TABLE 1. SUMMAEY OF EE_S OF TESTS ON 24s-T ALOIJLD

U- E’ORI@ JOINT SAKPLES*

Thidmees
of Sheet

Tensile Strength
(psi)

.025n

.032n

.(j+@

Min. 65,900
h. 6g,200
ke. 67,590

inn”.64,500
k. 68,500
Ave. 66,640

*** 67, g30

Tensile Yield
Strength

(off~;:i;.2%)

Y,000
5 ,500
52, a.o

47,400
51, goo
50,090

52,570

Elongation
(in ~ in.)

16.0
19.0
17.5

16.0
20.0
1X.9

16.F

Oompreaelve
Yiel& Str th
(off~;:i;’%

45,700””

42,600**

44,goo

● Te6ta were made at Aluminum Company Laboratories. A complete copy
of their report Is given In the Appendix. The values quoted above
wore selected from data on test coupons from the particular sheets
ueed in maklhg the lap Joint samples.

** Compressive Yield Strength is result for 1 sample.

**~o sample of the .OkOn sheet actually used for the lqp joint speci-
mens was maaaured; the vaues given are average values for .O~lt
sheet used for compreg~lon samples end for unstressed attachment
semples.



Typo of
specimen

Iap Joints
o.040n

Lap Joints
andUnetresisec
Attadmenta
0.032U

lap Jointo
endUnatressec
Attachments
0.025n

Unstressed
Attadmwntu
0.040s

TASIJ32. WELDIW3CXWDITIOl

Seoo
~
Amperes

41,800

21,800

38,700

25,500

18.5

17

7

16.2

,t (2)

!lmZ#
otal

67.6

66o3

63

71.s

~ON SPO!WELDId

4%

*%

4%

2&l
tie

‘JOINTAND UNSTRESSEDATTACHMENT2AMPIJ3S

Ele
weldIng1
Pressure’
Lbe. I

1600

600

600

800

trode Pressure
Tag Presaure
= %ne f’romPeak
Value
Lbs9

1800

1800

1800

~

(l)Totaltimefmm start of welding ourrentuntildeoayto l@.

S2rrent
~

9

17

0

16.2

llliseo.
~

22

37.4

11

32.4

and De”
grease

Navy
Speo.
C-67-6

Imy
Speo●

C-67-6

wavy
Speo.
C-67-6

Navy
8pSOm
C-67-6

R. P.I.
801+10

R.P.Ic
S&#lo

R.P.10
8o18#lo

R.P.I.
S&#lo

C&J
m

Bhear
3trength
Bingle
Bpot
Lb89

802

347

328

470

(2kondenser Disohargetypoof welding.

z
g

>
—



1

sampleNo.

IA-26
IA-w

lA-21
IA-22

2G133
Z131

2N33
2M31

3Al
3A9

3X27
3A30

TAME

ThlOhlesn of sheet

.Ow

.02W

.025*
.02W

.032U
●032n

●032H
● .032n

●om
●om

.040n

.04cP

No. Spots

4
4

6
6

4
4

6
6

4
4

6
6

spot Spaoing

3n
m

Rupture IOd
(IJM.)

1332
1362

1908
1840

1240
1260

1920
1980

2480

3640
3690

Rupturekid’
(Lbs./spot)

336,
S38

318
308

Slo
316

320 “
330

800”
816

690
698

Mote: In all oaaos, failurewas by shearthroughqot.



8aiupleHo.

lA7
Uls
IA9
lA5
IA33
lA2
lA18
lA3
IA4
lAl

Reloaded
lA17
lA22
IAE19

1.A6
1B14
1.A16
lA23
1B16

IA29
Reloadsd
U28

lAEll
lAE21
UE1O

TABLB4. FAT16U

TotalMax.Load
as.

400
440
500

(No
600
660
720
880
100O

220
880
340
400
440

500
520
600
720
740

480
1040
600

740
BOO
1040

RATACM UP JOINTSOF 0.025”AI.CIAD24 S-TWITH 4 SPO’

k. Load
121a./spot

100
110
125
126
150
150
166
180
220
250

66
220
85
100
110

250
130
150
180
1B5

120
260
150

185
200
260

Rat10
Min.Stress

.25

.26

.25

.25

.25

.25

.26

.25

.25

.25

.50

.50
m50
.50
● 50

■50
●50
.50
.50
●50

.75
●75
.75

●75
.75
.76

Oyde$ to
First Observ
ed CrmkL.ng

2,317,500

197,800
67,000

3,734,300
5,687,800
629,800

1,651,700

79,100

418,500
1.40,900

OyoleaTo
mihlrc

2,372,600
1,017,500

90,100
695,800
78,100
521,800
34,200
13,100
6,300
3,700

58,000
4,300

5,930,400
8,300,300
927,100

12,800
2,992,600

70,600
26,700
96,000

~lo,759,800
700

756,300

820,800
222,500

I 73,700

.—

~
ELDBSPACED*APART

Type ol’Break

Pulledbuttons& fatigueoraak.
n 8 m n n
H n m n n
n n n n m

Fd;gue ore..k.

Pulledbuttone,aleosheared.
Pulledbuttons.

Shear.

Didnot fail.
Pulledbuttone.
Fatigueoraoka.
lhtigueoraoks& pulledbut-a.”
Fatigueoxuokeohiefly,also
pulledbuttas.
Pulledbuttonemostly,eomeshear.
Pulledbuttone,alsofatigueoraok.
Pulledbuttone.
n H

Fntigueoraoka& pulledbuttone.

Didnot frill.
Pulledbuttons.

“i ‘c e Indicationof
pu %g~g%ona.
Fatigueoraok and pullingbuttons.
Pullingbuttons& fatigueoraoks.
~tigUe oraokm. z



sample
N-r

U-18
lAD-6

UC-3
IA-31
IA-1o
UC-2
lC -8
IA-32
lA-25
U-60

u -5
lCD-9
lCD-7
IA-19
U-23
IA-26
lA-12

:.fi
IA-17

U-13
lA-16
IA-14
IA-16
IA-11

LoadLba.

.M
610
670
660
750
810
840
960
1020
1140
1200

510
570
G90
690
780
9CM
980
1020
1020
1060

810
960
960
1050
1200

xh./spat

74
86
96
110
126
135
140
160
170
190
200

85
96
115
115
130
150
160
170
170
180

135
160
160
175

,aiLAPJol

Ratio
Min.6tresn
Max.8trella

.26

.25

.26

.25

.25

.26

.25

.26

.25
●26
.25

.50
●5O
.50
●5O
●5O
.50
.50
●5O
.50
●50

.76

.75

.75

.75

.75

r8OF 0.025”A

Oyoleato
FirstObserv-
ed Craoklne

1,000,000
1,000,000
351.000
223,000

---

16,100
---
---
---

7,227,600

280,000
290,000
340,000

7,600,000
623,700
348,200

UD24S-TI

(?yolea to
milure

>9,010,900
2,530,9W
1,318,6(M
467,700
465,000
182,900
106,600
35,200
23,200
8,100
500

8,653,100
2,540,900
663,000
694,300
770,300
136,000
44,300
16,700
16,200
39,700

‘11,771,400
1,068,000
483,100
290#oo
166,500

Typeof Break

Pulledbuttoneduringreloadlng.
Fatigueeraok~.

m m
m m

Chieflyfatigueoraoks.
u m w of buttonoo

Chieflyfatqgueorawka,w pu}li~
Pulledbuttone●

m ■

shear●

Ratigueoraek.
/

Ii II
n n b

m m
m II

8etwa3npullingbuttona& fatigueoraok.

Buttone pulled.
● m
a w 1

w n

:
Fhiledduringreloading.
Ftatigueoraek. I

a w I
e w

n w



Stmple
Ember

2B1
m22
Z3130
mxl
2F17
2G16
2G1-32

2E6
2E6

Zi126

=24
2H127

%14
2m20
222
2F18
=129

2EF12

2R121
Reloadet
2F16
2EFlo

=128
=2s
2EG19

TotalMax-
Ioadma.

460
m
620
560
640
700
760
840
880
920
lCQO
1040

620
600
640
720
800
840
880
900
960
1080

SCa
8(XI
680

800
1000
104O
lcn30

Mox. Mul
Iba./spot

116
126
130
MO
160
176
)90
210
220
230
260
260

130
160
160
180
200
210
220
226
240
270

160

170

226
250
260
270

Rat io

Uin.Stroas
9~

●26
.26
.26
.26
.26
.26
.25
.25
.26
.26
.26
.26

.60

.50

.50

::
.50
.50
.50
.60
.50

.76

.76

.76

.76

.76

.76

.76
● 76

ICyolea to First Oyolea to
ObaervodCraok- milure
%“
5,442,900
338,3W
266,000
599,200
21O,OOO
67,CWl
----

1,838,600
427,000
678,900
177,000
52,400
----

----

1,126,000
126,000
141,800
M2m700

L–
6,621,200
1,296,600
863,400

l,l19*300
227,600
69*BOO
46,600
S,soo
2,800
6,760
l#250
1,100

3,171,100
886,400

1,193,600
326,200
71,500
22,600
27,400
26,8(X)
28,200
4,600

>10,276,200
67,600

1,969,6(%)
640,600
174*400
338,200
119,900
168,000

Type o? Break

lhtlgue omoko
a a

m w

II m

Fatigueoraok(shearfailure?)
shear.
shearand pullingbuttons.
Shear.
shear●
Shear.
Shear.
shear.

Ihtigueoraoh=
Fctigueoraoka.

n m

Ihtlgucoraoks and pulllngbuttons.
Pulled buttana.

m II

Fati@e oraoks.
Pulledbuttolle.

9 m

Shenr.

Dldaot fall.

9 m

m n

m n



‘ TAB187..—

aemple
limber

21,S21
Ileloed
2JIS

2JQ7
2M!122
2G12
2R32
21M20

2m9
Reload

2Jk16
2JIa
2JX14
2G11

2JKll
2JB16

=28
m30
2JQ0

aIm24

TotalMax.
IoadMa.

540

670
690
750
810
930
1050
lm
1320

690
960
760
810
930
low
1110
1200
1260
1380

“ 780
; 9W
; 1050
.1200
1380
Iw

LTmTJI!DATA

we load
xbfJ./spct

—.. — .—.

90
140 ‘
96
116
126
136
166
176
m
220

116
160
126
136
16S
%76
186

210
230

130
150
176
200
230
260

IiiLAP JOINTS

Ratio
Min. Strom

.26

.25
●26
.26
.26
.26
.26
.26
.26
.26

.50

.60

.50

.50
●50
.50
.50
●5O
●50
●60

.76

.75
m75
●75
.76
.75

IFoA32n ALCUD

~olea to Firet
Weerved Cmok-
Ing.

732,S00
864,000
350,300
W6,000
293,100
76,100
..-
----

647*7OO
55S,800
301,100
29,300
93,000
7s,300

70,000

2,206,9W
1,571,600
622,800
226,4C0
U6@0

—.—- - .—— -——— —— .- —-
[ -------<

M-T HITB 6

Oyolee to

mlure

slo#42#00
768,200

1,503,400
1,069*000
776,000
439,000
2S6,200
118,800
9,700
9,900

>10,596,000
8!36#oo

1,000,500
736,700
346,300
221,900
150,300
22,800
113,500
34,350

7,043,600
3,222,600
l,441#400
618,100
150,m
47,200

z
?YInEIDsm’ s/4.AP@T

>

9b

Type of Break if
r

Md not fkil.
FatigueOraoko
Fatigueoraak.
Fatigueoraok.
Fatigueoraok.
Fatigueoraok.
FktigueO*9 ‘
Fatigue,andpulledbuttons.
shear
FUlledbuttons.

Dldnot fail.

Fat@ue eraok.
w ❑

m w

Pulledbutton,fati~e.
FatlgneOrWk.
Fulledbutton,share
Pulledbuttons.
htigue omoks.

I
E’ntiguemwk.

a m
U 8
II m
u n

Pulledbuttonsaud s-r.
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TABLE8● FATIGUEDA’ ON LAP JOINTSOF 0s04011ALCLAD
I QfOk3S to First

ObservedCraok-Sample
Number

TotalMax.
LoadLbs..

3A25 I 600
3A25(Rel~
3A23
3A19
3A33
3A29
3A31
3A14
3A13
3A15

3A26
3A26(Rel
3A21
3A32
3A27
3A20
3A17
3A18
3A22

3A28
3A11
3A1O
3A24
3A24(Rel
3A8 ‘
3A7
3A5
3A2
3A4
3A6

id)1200
700
800
880
1000
1040
1200
1500
1620

700
md)1200

800
880
900
1000
1200
1400
1600

800
950
1000
1000

ad)1600
1100
1200
1400
1600
2000
2200

Max. mad
Lbs./spot

150
300
175
200
220
250
260
300
375
405

175
300
200
220
225
250
300
350
400

200
237
250
250
400
275
300
35@
400
500
550

Ratio
Min.Stress
Mm. Stress

0.25
0.25
0.25
0’.25
0.25
0.25
0.25
0.25
0.25
0.25

0050
O*5O
0050
0.50
0.50
0.50
0050
O*5O
0.50

0.75
0.75
0.75
0.75
0.75
.0.75
0.75
0.75
0.75
0.75
0.75

inz

420,000
454,200
189,750
100,000

66,400
515,500
331,600
279,800
152,100
73,300
60,000

2,188,000
1,453,700

200,000
489,000

1,152,300$;
684,300

220,000

24S-TWITH 4

Cyolet3to
Failure

>5,!J42J100
113,000

1,309,200
779,600
539,200
346,800
291,400
25,200
3,600
1,000

>15,320,000
183,600

1,964,500
1,109,000
897,000

1,053,000
196,500
72,200
8,000

6,784,600
2,984,600
2,373,700

>3,200,000
1,380,000
842,300

1,761,600
936,000
533,300
277,000
41,200

+3PUI’WELDSSPACED1~ APART +

Typeof Break

Didnot fail.
Fatiguecrack.
Fatiguecrack.

1! II

II II

u 11

II 11

Shear.
II
tt

Didnot fail.
Fatiguecrack.

n It

II II

II !1

1! ??

11 II

1? 11

II 11

Fatiguecrack.
II II
II ?1

Didnot fsil.
Fatiguecrack.

II II
II II

II II

11 II

II 1!

II It

I

.—
,



Sample
Number

I

I

I

I

3A25
Reloaded
3AB7
3A24
3A23
3A22
3A2
3A29
3A3
3AB8
3A1
3AB1O
3A5
3A4

3A811
3A1312
3AB33
3A31
3A32
3A26
3A28
3AB9

3A18
3A21
3A16
3A20
3A15
3A13
3A8
3A14
3A17
3A19
~

TA81.E9. FATIGI.iEDATA

TotalMax.
LoadLbs.

690
1800
720
775
900
900
1050
1050
1200
1320
1500
1560
1800
2100

900
1050
1350
1650
1650
1800
2100
2400

1200
1350
1500
1650
1800
2100
2400
2700
3000
3300

.
Max. Load
Lbs./Spot

115
300
120
129
150
150
175
175
200
220
250
260
300
350

150
175
225
275
275
300
350
400

200
225
250
275
300
350
400
450
500
550

[LAP JOINTOF

Ratio
btincStress

8 Stress

0.25
0.25
0.25
0.25
0.25
C!.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25

O*5O
0.50
0.50
0.50
0.50
O*5O
0.50
0.50

0.75
0.75
0.75
0075
O*75
2*75
O*75
0075
0.75

)0040’!ALCLAD24

Qcles to First
Observed Crack-
in~s

135,900

129,300
98,500
94,200
76,000

174,700

318,000

88,000

-TWITH 6 SPC

Qcles to
Failure

>10,753,000
11,100

2,124$000
2,973,500
257,400
638,000
176,400
261,000
216,000
153,900
126,000
104,600
16,600
3,400

5,127,000
1,039,400
223,400
31,200
87,000
68,000
31,700
7,100

10,517,600
2,950,000
490,000

1,000,400
593,000
387,400
143,000
205,800
107,600
4,100

WELDS SPACED3/4’’APART z
>
n

Type of Break >

Didnot fail
Pulledbuttons.
Fatiguecracks.

11 II
N 11

II II

II II

!I II

1! 1!

It II

II II

II !1

Pulledbuttons.
Shear.

Shear.
Fatiguecracks.

II II
Pulledbuttons.
Fatiguecracksand pulledbuttons.
Fatiguecrack.

II II
Shear.

Fatiguecraclcs.
11 II
11 !1

It II

II It

II II

Shear.
Fatiguecracks.

-b
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TABIS’10. HXTRAPOIA!t’EDVALUESOF REVERSEDSTRHSSlKEl0AX52”AICIAD24 S-T

Weld Spaoing
Im Inohes
■

w
S/#*

ReversedStress[Ibs_JSPot)at VariedLifetinwrn

streaa

106

10s

70

0.340

0.3s2

001s4

.— .-.
~Jm Qolea
stress .

70 0.224

66 0.209

40 0.105

*Values reversedstressesextrapolated(seeFigure11).

●* mom testeby HarlauuIand Stiokley (eee Referenoe2).

. 59

4s

30

0.1s9

0.132

0.079

StatloUltbte
(mS./s@)

31.2

326

361

***R . etreengivenlif’ethw
stat10 ultimate



8emple
Ihnuber

U-7 (4)

U-4(4)

IAD6(6)

U-26 (6)

2H-23(4)

2B5(4)

2XM(6)

2LN-19(6)
Reload

u-31(6)

lA-2(4)

TABIE110

Average
LengthOf
spot(Axis
In Dlreotiox
of Testing)

0*146N

091W

0m157a

00145*

o.134n

0.122H

0,129U

0,151B

0,144W

0*150M

EXATICWS82

Widthof
spotkin
Uolmalto
@rection
of Teeting;

o.140~

0.140W

09141H

o.136n

0.128.

0.123m

0.122H

0s134.

0.161a

om189fl

UBBNWBLDDI

Average
Penetration
of spot

.Ozzu

.Ozzn

.o18n

.02W

●035W

,032U

.031n

.034W

.023m

●029”

WSICMSA

Maxilnum
Load/
spot

1*

220#

8*

190#

140#

2X2+

11*

11
16$

12*

150#

)FX1’IG1

Ratio

0.25

0.25

0.25

0.25

0.26

0.25

0.25

0.50
0.50

0.26

0.26

DATAm 0.

Qoles

2,372,500

6,300

2,530,900

8,100

1,119,300

2,800

1,089,000

10,596,000+
896,300

486,5W

550*000

;29- 0.025mG

7

Iooationof
Pointon
w Ourve

(h Ourre.

al Wlrve.

QI Ourves

b Ourve

h Ourve

Belonourve

b OU~.

High

High

High

GE Mum

spot
Spdllg

Bage

O*OW

O.ow

0.025m

0.0329
,

09032.

0;0259

0.0259

A’
4
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UmE 12. Sumumx OF REsuLTs or TESTs m 24S-T mu

= FOE C~810E ~S*

Thickness Tensile Str~h
of Sheet (psi)

1

I
,)25n Min. 65,300

k. 67,300
AVU. 66,500

.032~ Min.66,goo
wax.68,400

, km. 67,510

Jj+(yl
I

6g,goo

!!?ensileYield
Strength

(offf;:i;.2%)

Elongation
(in ; in.)

51,400
50,000
51,233

4g:;c&l

50,600

51,300

17.5
18.0
17.7

19.0
17.0
lg.3

17.0

0ompre8eion
Yield Str h

Y(Offf::i;. )

44,00W*

42,00W*

44,900

* Tests were made at Aluminum Company Laboratories. A ccmplete copy
of their report Is given In the appendix. The vahes quoted above
were selected from data on test coupons from the partloular sheets
used in making compression samples.

**Compressionmeld strength is result for 1 sample.
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●

Qauge4
Indies

1

o.082sr

o.032pl1

0.0628r
O.oslpl

o.032sr(2

I

o.040pl

O.osssr
o.026pl

TA81E 1S. RRLOIIUC(XDITICHSFCRSTIFFE=DPAERLSAMPIES

v Cur*sBeoond

Peak
Value
@Bs

E

32,400

37,2Ul

24,60C

ill
K
Wk

K

16

17

,8.6

Seo.I 131eotrode
)s

~

+“ x 10”

Flat

* x 10°
Flat

l#16mx10

Flat

*“X1O”
Flat

Ieldtig.
?reaaure

Lba.

r

Soo

600

600

Eleot]
m
*
Palu:
Lbam

I!400

2400

1800

iePresaire
Pret3eure
be for Peak Ourrent——. . . .

12

12

8

0

ueoonda
toHex.

110

110

49

39

1. Totalthe from startof weldingourrentuntil deoayto lW.

-
&rfaee T
mint
Reawlng
and

llegreaai~

Aoatone&
Triohlor
Ethylene
Vapor

w

Navy Spao,
C-67-C

a

)abmrrt

R-Vtl16
Oxide

R~.I.
Bolution
no. 4

a

R.P.I.
Solutiom
Moo 10

9

.

&U Strength
Single-Spot
Speolmen
‘ ua.

460

i

. 606

,

:

.492
,

410

2. 1 oraokedweld otherssound. -
3. bdenaer diaohargetype of uelder.
4. Sr - stringer

pl - pmel



g

I
Panel

Thiokneua
(In~es)

Stiffner
Alone

0.026

0.025

0.032

0.032

00040

0.040

00051

0.061

Ileld
Spaoing
(Inohes)

.-

.76

1.26

●75

1.25

.76

1.26

.76

1.26

TAME 14. STATIC 00MFWSSIOI?TE8TS ON STIF%MRDPAUEL6

Mea Are)
(aq!lnm) (I:o”hs)(sq.in.)

.162

.276

.275

.306

.306

.342

.342

.391

.391

.-

1.436

1.436

1.84

1.84

2.30

2.30

2.92

2.92

--

.198

●198

.221

.221

●254

●254

.311

9311

Average
Buokliq
Ioad P
(us.]

. .

1,760

1,750

2,950

2.950

3,900

3,900

4,600

4,600

~
Average
Buokling
Strese
P./A.

--

6,360

6,360

9,630

9,630

11,400

11,400

11,800

11,600

~

Crippling
LarndP
(Lbs.!

6,660

8,400

7.950

9,020

8,300

10,446

8,640

11,160

9,520

~

crippling
Stress
Pd.

34,400

3’(),6LXI

28,900

28,500

27,100

30,600

26,200

28,6CN)

24,400

~

Crippling
stress

*

.-

42,300

40,100

40,800

S7,600

41,100

H,ooo

36,900

30,600

“z”.
E
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TA21X16● 0CMPRE6SI(MFATIQUERESULTSCU 0s025”ALCIAD24StST~ PANBXS

E!?xE
Ia

L9

M

L3

L5

L2

L7

K5

K7

K1

km

KS

K9

K1O

k9kmd(Lbsa ;
2600

2700

3102

W500

S500

2500

WOO

3600

4W0

46(Y3

6100

5600

~tio min. atrtm
- .26

mu. ●trium

@lea to failure

6,602,600

1,524,600

21O,OOO

598,100

100,700

6,500

100

2,742,200

847,000

714,600

7,000

3020200

11,400

~ 4

Typeof break

Failed - welds pulled

!! 1 weld pulled 100SO I
.

II 1 weld popped,1
oraoked
Failed

w 1 weld pulled

n 1 weld pulled ,

a 3 welds separated

Failed - 1 weld pulled

n Tieldapulled

n Uelda pulled

n While ●djuating
out-off1 weld, possibly
not sound,pulled
Failed - 1 weld popped

w 1 weld, poaaibly
not good, pulled
Felled - 2 welds

ngto en error,wan 09394 insteadof 0.250.



52 NACA

Samplm Mex . Lod
Number Lba.

A6 7%19

Alo 6498

A3 6000

A5 5496

As 4500

A? 3996

A8 349S

As(reloeded) 3996

B9 5!?00

x

Blo 4450

m 40s0

B6 3980

B1 35Z5

B7 3500

m 3300

84 2550

B4(reloaded)3500

4

84s.

Cyclee to
mllure

63,600

144#oU3

167?900

258,900

812,400

sls8300

2.0)000,000

1,202,430

3,140

58SOO0

104BOOO

62,000

309P600

l,530,0m

31,200

2,137,600

?2JOOOJOO0

7,500,000

‘ ALorAD Smm!rm Pa
,

Bat10
Min.Loed

-Ezza--

.25

.25

.8!5

.85

.25

.Z5

,Z5

.35

.Z5

.85

.E5

.25

.Z5

.25

,35

.25

.E5

.25

spot Spaonig
I?lohes

3/4

II

●

u

u

w

w

w

*

●

n

w

m

w

a

u

n

w

Did not fall.

Did Mt fail.

.



‘,

Bsmple

I

G2
Relosded
G3
G8
G9
G5
G1
G1O “
G6
H8
Reloaded
H1
Es
H9
E2
H3
H7

MBx. Load
Lbs9

B4m

47(X)
6200
58m

6500
85CXI
9200
3200
6a)o
3800
4000
4500
6000
6600
6200

spotSpdng
Ratio 0.25 Min.Stress

9,496,700
96,500
714,6a)
682,100
466,300
213,700
294,400
58,000
34,400

>10,179,900
78,500

7,5$9,700
1,156,000
624,000
61,900
200,000
34,800

~ of Break

Md not fail
Two welds popped.

Failedthroughthe one oraoked ueld in ehple.
2 welds broke

neld pulled
Did not fail
Tuowelds popped.
Failed in centerweldo.

I
I

a
04



54 NACA

Sanlpla
X?udmr

C9

C3

04

c%

C6

Clo

C5

C7

D7

Ds

D1

Ds

D4

D3

D6

D9

Max. Loala
Lbs.

9350

Moo

SS75

76%6

7600

6900

6750

6500

7250

7000

7000

6500

6500

6500

6250

60(M

5-TAM.LAD Sq

Cyolell to
milure

118700

169}S00

2SOOOO0

Z&i,700

217,0eo

165FOO0

1,800SOW

4,000,0(XI
(did not fail

9m m

66s000

66fi800

Z90SOO0

4s,600

mgow

63SIOO0

0,858,600

PENEDPm

Rat10
ml. Lad
Gzn5&i-

.176

.Z5

.170

.173

.164

.162

.S50

.s00

.a5

.25

.25

.25

.25

.25

.E5

.E5

3/4

w

w

w

a

w

w

a

1+

n



55

Z&BU 19. SUMK&RYOP RESUIITSOF TESTSOH 24s-T ALOUD
U51 B’OEmsmumsm ATTAom68T SAMPIJ5S*

d-” “ “Thiektledl

(9 of Sheet
I

?

.0Z5U

.032n

.(y+ou

Tehsile Str~th
(psi)

Min. 65,00
?0h. 67, 0

he. 66,W)

Min. 65, 00
?0Max. 6g, O

Ave. 67,17o

Min. 67,000
k. 6g,goq
be. 67, g30

Tensile Yield
Strength

(offef;,:j#)

50,000
53,100
51,620

49,700
51,900
50,750

51,300
53,900
52,570

Elongation
(inz W)

%

17.5
M.O
17.6

16.0
20.0
M*4

16.5
17.0
16.8

Oompresslon
hld Str h

Y[OffsetO. )
(psi)

44,00W*

42,000**

44,900**

* Tests were made at Llumhum Company Laboratories. A complete copy
of their report is given In the-~endix. The ~uee quoted above
were selected from data on test coupons from the particular sheets
used in making unstressed attachment samples.

**Compressionyield otrength Ie result for 1 sample.

.

.
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Semple

4B30

4G10

6P22

6J30

6C27

6BZ6

Number
Uelds

4

4

2

2

4

2

4

TM

Gauge

.026

.026

.026

.032

.032

●040

8040

Held ad
(LtM Y’
3,BO0

.-

3,800

4,600

4,600

6,S00

6,Z76

iSIOllTEST ON Ul

Breaking
mad (We)

4,660

4,470

4,310

6,220

6,210

7,280

7,004)

TBESSEDATTMI

(:!%!)
60,700

--

60,700

47,900

46,S00

48,300

61,600

U1 failed aorosetb line of apotwelds.

I

ENTS

Ultimate
p.8.i.

62,100

69,600

67,300

64,400

66,600

80,600

68,400

‘lo(wtion
7

7

6

6

6

7

6



NACA 57

. .... . .
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TABLE 21. ~SIOli FATIGUR TEST ON 24 S-T ALOIAD SHEET SH X .026” URSfRRSS~

mnple

4s13
Reloaded
4C28
4C9
4B11
4D22
4C25

ATTAO= , 2 SPOTWBLDSl*H SPACRD. R Min.StrOsO= 0.25

Max. bad
Lba.

1200
2600
1600
2200
X)00
5600
S700

CYO1O8 to failure

>10,604,600
123,600
370,006
219,800
41,300
69,000
4,700

~e of Break

I

Did not fail.
Fail.d In Sheet such below welds.
Failed2“.
Failedin fillet.
Failedthroughlineof welds.

n n n n n

Failed.One weld oracked.

T22TSIONFATIOUR TEST ON 24 S-T ALCLAD SBBBT S“ X .025” UNSTRESSED
ATTAOHMM’T. 4 SPOTWRLlM#4n SPACED R -0.26

4C4
4A19

4B12*
4C2 ●

4S24
4B2W
401*
4226*
4CS*
4A21
aleded

1600
2100

2400
2600
2700
3200 ,
3600
4000
4100
1500

407,400
163,200

142,300
79,300
96,300
57,600
16,90C
22,000
12,700

W*8%
D

Failedin fillet.
Craoked 1~ while loadbeing
pulledup.
Failedin fillet.
Failedin bottomfillet.
Failedon top radlua.
Failed in mlds.
Failed just below welds.
Failedat filletedge.
Failed in weld.
Didnotfail “
Fai3edinfilla&

● lh-traea.d attachment on theea eamplenwas ,032”.

.



50 NACA

‘M9LE22. TENSIONFATKW’ETEST ON 24 S-T UM SH=f @ x .032n~r~
ATTAOHNENT R = .26 Min. gtraaa

Max. bad
Sampla Lbs. Cyoleato Failure

5P19
5K25
5N2S
509
5R51
5N6
5P18

2000
2400
2800
3300
4om
4600
5000

n&

520,300
300,100
213,900
62,500
70,100
S9,SO0
6,700

.—. ——. —--———
. Stress

Type of Break.

Failed1-6A=
Failedin fillet.
Failed1-3/4”.
Failedthroughwelds.

u w II
H II n

4 spotwelds3/4Uapqpinga

5K27 1900 >9,787,800
5J24 2000 2,032,9CQ
5J23 2400 930,100
5J21 2W? 317,700
5126 2600 295,600
5R28 3000 359,300
5K31 4000 S5,000

5J23 4500 5,500

TABLE23. T2NSIONFATIGUETEST ON 24 S-T ALCLAD SESET Sn X .040W
UNSTRESSEDATTACHMENT R 1

=
2 apotwelda 1P apaoinga

6A4 2300
ES2 2500
6A3 4000
6228 5000
622

4 Spotwel

6(X27
m21
5C30
m25
SB22
5C32

602s
8231
6S23

u 3 4“ apaOingi

2400
3000
S600
4000
4200

6000

6400

Failedthrough-Ida.
II w tl

Failed2“.
Failed1-3/4”.
FailedIn fillet.
Failed-2 rightwaldaon rearof

sheetoraoked.
Failedin line of welds.

.

!ycleato Failure

3,098,500
1,049,000
223,200
74,500
5,800

3,879,400
620,650
143,800
54,300
203,500
32,W

48,700
22,000
9,100

n.Streaa = .25
~

Type d Break

Failed throughnulde.
Failedl-S/4U.
Failed1*.
Failed.Craok in weld.
Failedthroughweld.

Failedthroughwelda.
Failed 1*.
Failedthroughwalds.
Failedaoroaauelda.
Failedin fillet.
Failedby shearingsheet
throughline ofweld~.
Failedaoroaowelds.
Failed throughall neld~.
Failedthroughnelds.
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~ 17”00” 4

20225

Figure1S

1,00”

overlap

TypicalLap Joint TensionFatigueSample
(Notefailureby propagationof fatiguecrack.)



XACA

,

,...,..

18074
lx

Figure 1A

Sample showing shear type failure
through spots. Scunple 3A - 4 (S).

Figs. la,b

8070
.1X

Figure lB

Sample 3A - 14 (4) illustrating
‘~button pulling!’type of failure.

..... . . ,.,



Figs. lo,d

.

18071
lx

Figure lC

Sample 3A - 29 (4) illustrating
beginning of fatigue cracks at top
of welds.

18072
lx

Figure lD

Sampie 3A - 29 (6) showing
propagation uf fatigue cracks.
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Sm

40(

50(

R- MIN.6TRESS

MAX. STRESS

D- S357SPOT

+ STATIC

● N
--

-.

0

rigs.2,3

D

CYOLES TO FAILURE
FIG. 2 FATIGuE CURVES FOR LAP JOINTS OF 0.02S ALCLAO 24 ST

SHEET 4 SPOT WELO6 l~”SPACED ;025s

1

I

MIN. STRESS

‘= MAX. SIRESS

CYCLES TO FAILuRE

FIG. 3 FATIGUE CURVES FOR LAP JOINTS OF 0.025 ALCLAO 24 ST.

SHEET 6 SPOT WELOS ~ SPACEO



NACA Fi@. 4,9

II

60C

50(

40(

30(

Zw

Ioc

.STATIC3125SPOI

I 1134

‘=Hkw?
,

CYCLESTO FAILURE

FIG.4 FATIGUE CURVES FOR LAP JOINTS OF0.032ALCLA024ST.

SHEET 4 SPOT WELDS I y4’’sPACEo $?0241

R=. MIN. STRESS
MAX.STRESS

STATIC325~sP0 T

-*+

o ●

R=O.3A

1 Ills ,’A4 ,fio , t-la ,.- .“ .“ ,“

CYCLES TO FAILURE

FIG.5 FATIGUE CURVES FOR LAP JOINTS OF 0.032 ALCLAD24 ST.

SHEET 6 SPOT wELOS 3~’’SPACED



19ACA Fige.. 6,+

10(

-4----L
—

, 1 , !

10’ lo~ ,.4 ,06 IO* 107

CYCLES TO FAILURE

FIG.6 FATIGuE CURVES FOR LAP JOINTS OF 0.040 ALCLAO 24sT.

SHEET 4 SPOT WELD I)~SPACED 20243

D

‘o

,o# IOJ ,04 Ion ,Oa ,07

CYCLE TO FAILURE

FIG.7FATIGUE CURVES FOR LAP JOINTS OF0.040ALCLAD24ST.

SHEET 6 SPOT WELDS y~SPACED
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lfACA

. .

Figs. 8,9

CYCLES TO FAILURE

FlG,8-FATlwE wRVESFOR MPJOlmS OF MCLA024-s. wEET4SmTWELOS l~SPAcEO. RATIO .25

20245

400

3M

Soo
.

)

cmLES TO FAILURE

FIG. 9- FAT I13UE cum FOR LAPJOINTsOFAU2M024 -ST. sHEET 6 SPW wEux3*“SPACED RATIO .25
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400

300

200

I 50

100

80

60
0.

STATIC (lkLDS PACING)

P
X4 d

w=
. .&

) 0.030 0.040 0.050 0.060

SHEET THICKNESS(lNCHES)-

FIG. 10- EFFECT OF SHEET THICKNESS ON STRENGTH FOR SPOT-
WELDED LAP JOINT SAMPLES.
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I0.0s5”Snssl

1s0 4 SPOT WELOS
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Im I I 1
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10 5,000,000 STATIC

//.~/ GW4ES + N ULTIMATE

0 f“
.

0 800 too am Ua SoO

130
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1to
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110
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Iw

w
)

\ /
,YR,!0.50

00 -
\ /’ So,ommss /

70
/

\
\ / /

60

‘.

— — ‘-

20

0 100 ?.00 m w m 600

/

I

MEAN LOAO ( LBS Ismr )

FIG I I - EFFECT OF MEAN LOAO ON RAM ~ STRESS FOR SPOT WE(-KO LAP JOINTS OF 0.02S-ALCUJJ 24-ST p
~
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NAOA Figso 14,15

Kellerts Etch 20386
lox

(a) 0.025’’-0.025”
4 Welds, 12 spacing.

Keller~s Etch 20385
lox

(b) 0.032’’-0.032”
4 Welds, 1P spacing.

Keller’s Etch 20387

1ox

(C) 0.032’’-0.032”
6 Welds, 3/4” spacing.

3

Figure 14.

Spotwelds in Tensile Samples

Keller~s Etch 20399
1.OX

(a) 2LN19 6 Welds, 3/4” Spacing
0.032’’-0.032”

Kellerts Etch 20392
lox

(b) 2H23 4Welds, 1~ Spacing
0.032’’-0.032”

Keller’s Etch 20392
1ox

(c) 1A7 4Welds, l& Spacing
0.025’’-0.025”

Keller’s Etch 20399
lox

(d) 1AD6 6 Welds, 3/4” Spacing
0.025’’-0.025”

Figure 15.

Spotwelds in Fatigue Tensile Samples
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mu fig. 16

E\ ~1.250

Sym. about ~

I

8.ORt.2

lr0.032

Ifigur@16.- Dimensions of Ourtlsa-Wright lxat-shqwd stiffener.

.
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❑

18228 I

b
Figure 17. A TypicalStiffenedPanel Sample

(Notethe failureby “pullingbuttons”).



40@(

35,00(

30,00C

25$Q(

20,000

I 5,00C

IO,wc

5,000

0

● - 0.025” SH2ET, If SI?,BUCKEUD AT SSTD PS I
X- O.032”. . ● . = ● 9820 ●

;-:::4/ ■ = ● = ● 115s0 ●

. .,. = la2m ●

“-FA’LUT7T
0’

,4

L #

,? ,i ‘

/’/ /

A

d

?

o 10 20 30 40

OEFLECTIIX’I lN. /lN. x 104

FIG. 18-STRESS- OEFLECT ION TESTS ON STIFFENED PANELS
WITH It SPOT SPACING.

45,WC

40,001

35,00(

30,000

25.OW

z

; mm

J’

15,ce0

Io,om

5,000

0 *
30 30 40

DEFLECTIONlN./ IN.x10*

FIG. 19- STRESS DEFLECTION TESTS ON STIFFENEO PANELS
WITH z. WOT SPACING.

B
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WAOA

!

3,0W

Z,ooo

_STATIC .051,9,020
-STATIC .040, *4O
‘STATIC .032,8

P‘STATIC .025, ,S50

WCKLING .040 +.051, 4,000 x_

‘--- , “032

F BUCKLING .032, 3 ,CQo
.

.025

Figs.20,21

R...25

..051 —

=y-----

*
-- .----,

x
I

0

,,+ 1O* ,& ,Oa ,.7

CYCLES TO FAILURE

FIG. 20- FATIGUE CURVES FOR STIFFENED PANELS LOADED IN C4)MFR~S10N , SFOT WELD SPACING 14”

1
_STATIC .031, II,T20

Io,ooo * STATIC .040,10,445 Rx .25

moo * STAT IC .032, 9,020 n m \ I

STATIC .02S. S.400

?,mo
--- --- --

—-~

●m —

P -
●S(UXLING .~l, 5@0

~ MING ,040, :,4W

●m
m

~m

GWKLING .032,2 m

t#oo

-UmtLlffi .02s,1 ,Tso .

I,ooo h,& Ic# Ie I@ I* 107

CW.XESTO FAILURE

FIG. 21-FATIGIE CJ.SWES FOR STIFFENEO PAWE15 L- IN .CCWI=SSION;SPOT WELO SPACING $



~~mmmm,m[I,.,lI,nlm,,s.’.’m’”.,,,II I 111111II II I1111IllllUI HmllmlIllIll■mlm m III I I mIIInIIm ■ II ,,,,,.,,8
,, !.,,.,!.,..!,..-.! !.. ..... ...........

—.

,.

YACA

8,00(

;,00(

5,00(

4,00

3$9(

2,00(

35000

3+00
11--

GRIP PLING STRESS

rs,ooo — — —
..

FATIGUE STRENGTH

~ IXSP.
tqooo

ti
i

BucKLtNG STRESS

Iopoo
(AVERAGE FOR 130TH SWNGS )

0
/

)/

5,000

0

.010 ,020 030 040 .050 .0s0

SHEET THICKNESS [INCHES)

FIG. 22 COMPARISON OF FATIGUE AND

STATIC STRENGTHS OF STIFFENEO PANELS

* STATIC .040,7,280

~“

e STATIC .032, 5,220

I

n

+STATIC .025, 4,310

I -

I A- INOICATES BREAL

0.032’’ 5HEET–

0.025’’ SHEE7—

U&,Nf=l~LET

10- INOICATES BREAKs IN CENTER SECTION

Figs.a2*31

I R.=0.25

‘+--
‘\ — O.O+o” SHEET

+’ ‘\:

7’

\
-.

‘%~-

a --. s -- .
-- -

---
-------

I ,Ooo 1

,Oc , Oa Id ,0s ,Os

CYCLES TO FAILURE

FIG, 31- FATIGUE CURVES FOR UNSTI?ESSED ATTACHMENTS 24- ST. ALCLAD l+’’SPOT SPACING.



II
,

rig. a3BACA

.

Keller~s Etch 20390
lox

(a) H2- Longitudinal 0.032’’-0.040”
HZ- Transverse 0.032’’-0.040”

Keller’s Etch 20391
lox

(b) L3- Longitudinal 0.032”-0.025”
L3- Transverse 0.032’’-0.025”

.

Figure 23.

Typical Spotwelds in Stiffened Panel Section
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Figure 24.

Sample K-3, 0.025’’-0.032” showing

weld variation and ,elliptical shaped

welds in thin gage compression samples.
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Keller% Etch 20394
50X

L-3 Longitudinal
0.032’’-0.025”CompressionSample.

Figure 25.

Crack Propagationinto ThinnerSheet

,.

Keller?sEtch 20398
50X

G-10 Longitudinal
0.032’’-0.040”CompressionSample.

Figure 26. w
WI

b
Crack Propagationinto DendritioZone w
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Kaller’s Etch 20384
lox

(=) L3 Transverse 0.032”-0.025”
L3 Longitudinal 0.032’’-0.025”

Keller’s Etch 20383

lox

(b) G1O Transverse 0.032’’-04~”~”

G1O Longitudinal 0.032’’-0.,040”

Keller’s Ztch 20382
lox

(c) K9 Longitudinal 0.032’’-0.025”

1{9 Transverse 0.032’’-0.025”

Figure 27.

Appearance of Fatigue Cracks”in Spotwelds



IAOA
,.,.

Figs. 28,29

K~llerqs Etch 20396

50X

K-9 Transverse
0.032’’-0.025”compression sample.

t

Figure 28.

,Crack Propagation Similar to
That Occurring in Lap Weld Sections.

Kellerts Etch 20381
50X

(a)

Keller$s Etch 20395
lox

(b)

Figure 29.

Fatigue Cracks Starting

L-3 Transverse
0.032’’-0.025” compression sample.
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Figure 30

,Typicalunstressed attachment
tension fatigue sample.

(Note failure through line of welds. )
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(b) 5K31
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41,600 p.s.i.

Keller’s Etch 20389

lox

(C) 6B21
0.040’’-0.040”
25,000 p.s.i.

Figure 34.

Welds and Fatigue Failures
in Unstressed Attachments
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Figure 35

4C25
0.0251’-0.025’t
49,300 p.s.i.
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(a) 6B21
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Fi~. 36

Failura
outsideweld
zone.

Keller~sEtch 20397
50X

(b) 4D22 (totalfailureon other end of weld)
0.025’’-0.025”
46,600 p.s.i.

Figure 3S.
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18221 Figure 3?. The Fatigue Testing Mmhine
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Fkgure 38. Grips for compression samples.
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Figure 40.

Photograph of strain analysis equipment
for use in making dynamic measurements
with SR-4 strain gages.
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Figure 42.- Calibration for dynamic throw (left hand side - machine P-18)
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